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The purpose of this book is to present brief descriptions of
various chemicals used in agriculture. Insects a,nd weed pests
will be discussed only incidentally, as they are the subjects of
other volumes of this information series. The reader who
wishes to make a more detailed study of agricultural chemicals should consult the Bibliography in Volume Six for
additional reference material.
This volume quotes freely from many of the published
materials of the United States Department of Agriculture
and the state agricultural colleges a,nd experiment stations.
Reference numbers at the end of the paragraphs refer to the
source of the information quoted or cited. These sources
are listed in the Bibliography.
The _.~GR1cuL:!"LI_~AL Av_;;T,,;N ACADEMY is most grateful to the many
authors and researchers for their excellent first hand,
authentic information made available to the public through
published reports, articles and speeches. The entomologists,
plant pathologists and chemical experts are the ones to whom
we must continuously look for guidance in the highly technical industry of air-application. Bringing together this large
body of widely scattered information is the main contribution of this series of books.
The . ~GR1cuL rnRAL Av1AT10.N ACA DEM; wishes to give grateful recognition to the - following persons for their outstanding work
in the field of agricultural aviation:
E. O. Essig, Alden S. Crofts, W. A. Harvey, W. S. Stewart,
E. R. P arker, University of California, College of Agriculture; C. D. Sherbakoff, W. W. Stanley, University of Tennessee; Rodger C. Smith, Kansas State College; E. J. Kreizinger, R. L. Webster, H. S. Telford, Washington State College; George H. Berggren, J. M. Fry, James 0. Dutt, Donald E. F. Frear, Pennsylvania State College; H. H. Crowell,
H. E. Morrison, B. G. Thompson, Don C. Mote, Leroy Childs,
R. H. Robinson, Oregon State College; J. A. McClintock,
University of Indiana, School of Agriculture; Jack P. Corkins, Robert L. Warden, James L. Krall, V. C. Hubbard, J.
Pepper, Montana State College; N. E. Shafer, D. L. Klingman, J. D. Furrer, Glen Viehmyer, University of Nebraska,
College of Agriculture; Wayne B. Fisher, Author; R. S.
Dunham, R. F. Crim, H. G. Heggeness, University of Minnesota, College of Agriculture; Dwight Powell, S. C. Chandler,
Victor W. Kelley, University of Illinois, College of Agriculture; W. J. Henderson, Colorado State College; C. E. Smith,
K. L. Krockerham, 0. T. Deen, Louisiana State University,
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College of Agriculture; Dwight Isley, University of Arkansas; J. R. Eyer, R. F. Crawford, New Mexico College of
Agriculture; Dale W. Bohmont, University of Wyoming;
A. Robert Thompson, U. S. Forestry Service; L. P. Batjer,
A. H. Thompson, P . C. Marth, H. H. Moon, L. S. Evans,
R. M. Bullock, N. R. Benson, J. L. Allison, A. J. Ackerman,
U. S. Department of Agriculture; Julius Hyman & Company; Agricultural Chemicals; American Cyanamid Company;
Monsanto Chemical Company; Sharples CIJemicals, Incoroorated.: AGRICULTURAL AVIATION ACADEMY.
THE APPLICATI ON AND USE OF CHEMICALS TO COMBAT WEEDS AND INSECTS IS NOT NEW, AND THE AIRAPPLICATION OF THESE MATERIALS IS NO LONGER IN ,
THE PIONEERING STAGE.
MORE THAN 2500 DIFFERENT
POISONOUS CHEMICA L PREPARATIONS ARE NOW REG IS TE RED IN SOME OF T HE STATES.
EVEN THE TRAINED EN··
TOMOLOG ISTS AND PLANT PATHOLOGISTS ARE OFTEN
STUMPED TO RECO MMEND THE BEST COMPETI TIVE INSECT AND WEED MAT E RIAL FOR A GIVEN JOB. IT IS NOT
SURPRISING THEN THAT GR OWERS AND OPERATORS ARE
PUZZLED BY THE WIDE VARIETY OF MATERIALS FROM
WHICH THEY MAY CHOOSE.

Since the discovery of DDT and 2,4-D there has been a
constant flow of new insecticides and herbicides produced.
Each basic chemical is best for a particular job. Ca.reful
study of the characteristics and uses of the new popular
chemicals will prove a good investment of time and effort by
all air -applicators and users. This volume is designed to help
its readers become familiar with the most common chemicals.
Most important characteristics and uses are treated sufficiently for general handling by air-applica tors, however, you
must obtain specific guidance from your local state agriculture experiment station people and county agents fo r
dosage recommendations.
There are many new and more powerful agricultural
chemicals coming on the market each season. Consult you1·
state entomologist, plant pathologist or county agent before
using these materials. See volume Number Six for a list of
reference materials for further study.

THERE IS NO SUBSTITUTE FOR KNOWLEDGE
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PART

ONE
CHEMICAL TERMS

Before proceeding with the description of the various chemicals let us
review briefly and clarify the meaning of a few simple chemical terms .
These terms will be used both in this volume and on the container
labels of the commercial chemicals you use.

e ELEMENT is a substance which cannot be decomposed into simpler
substances by any known means. Example: copper, sulfur, oxygen,
carbon, iron, silver, mercury.
e COMPOUND is a substance consisting of two or more elements
chemically united, for example, water (hydrogen and oxygen). They
are combined in such a manner that each element loses its characteristic individual properties by which it is distinguished from other
elements. A compound can be separated, if desired, into its original
elements, for example, the compound water can be separated into hydrogen and oxygen.
9 MIXTURE is a substance consisting of two or more elements. In a
mixture these elements are not chemically united. For example, in air,
soil, flour, and petroleum the elements have not lost their identity.

e CHEMICAL CHANGE is any action which alters the compos1t10n
of a substance and results in the formation of one or more new substances, for example, souring of milk, rusting of iron, digesting of
food, burning of coal, explosion of gunpowder.
eDERIV ATIVE is the product of a reaction between the parent substance and some other material. For example, 2,4-D acid and lye may
be treated together to form sodium salt derivative.
• ACIDS are hydrochloric, sulfuric, nitric. Soda water contains carbonic acid. Sour milk contains lactic acid.
Acids are sour to taste. Litmus, an extract from the lichen plant,
changes from blue to red in the presence of acid. Methyl orange changes
from . yellow to orange in the presence of an acid.
• BASE is the opposite of an acid. Sodium chloride is a base, also
ammonium hydroxide. Calcium hydroxide when mixed with water is
the well known suspension milk of magnesia. Bases turn red litmus
<'.J FIG. 1.
Courtesy Bell Aircraft CorporatioP.
Herc a bell Aircraft helicopter distributes a DDT-laden aerosol fog over a section
of woodland near Old Forge, N . Y., in an attack aimed at ridding the popular
vacationland of blackfly, an annual pest. The helicoprer-horne fog registered a
nearly 100 per cent kill.
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blue -

just the opposite from an a~id. Bases usually have a bitter tastt'
and their solutions have a soapy, slippery feel. Bases neutralize acids,
forming salts and water.

•SALT is a compound consisting of a metal or metallic radical combined with a non-metal or an acid radical. Salts are usually -white,
crystalline solids with a salty taste. They are usually soluable in water
and neutral to litmus ( some exceptions).
Most of the inorganic compounds are salts - sodium chloride, and
calcium carbonate are examples. Lucestone is mostly sodium carbonate - clay is impure alumin silicate.
eESTER is an organic salt formed when alcohol reacts with an
acid. Just as the reaction between a ba.se and an acid, called neutralization, produces w a ter and a salt, so in like manner, the reaction
between an alcohol and an acid, called est e ,·f ication, produces water
and an ester or ethereal salt.
eALCOHOL is an organic compound contammg one or more hydroxa!
groups. Alcohols may be regarded as substitution products derived
from hydrocarbons by replacing hydrogen atoms with hydroxvl groups.

e SOAP is a metallic salt of a fatty acid. Ordinary soap is prepared
by boiling a fat with sodium hyroxide. The process is called saponification.
e FORMULATION is the process of combining for suitable use. We
read and talk much about formulation. Few, if any chemicals can be
used in their original state for insect or weed control. They must be compounded and mixed with suitable carriers. Many factors, such as
solubility in v a rious mediums, compatibility with hard water, type
of emulsifier needed, stability in storage, temperature ranges and
corrosive properties, are taken into consideration in preparing the
material for the consumer's use.
Although the primary chemical itself is the active ingredient which
does the killing, the other elements ha,v e specific functions to perform
and are important supplements in the total formulation. The purpose
of commercial fomubtion is to make available to the user a material
which is effective, uniform and convenient to handle and store.

It is possible for a grower or applicator to do his own formulating,
however, it is seldom feasible. First, it would require a vast amount
of technical knowledge in many cases and second, it can usually be
done mo·r e economically by commercial formula -t ors, as often hundreds
of experiments must be conducted before finding the best formula.
8
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ORGAN IC AND INORGANIC
Chemicals are divided into two categories; organic and inorgarnic.
Organic chemistry refers to living matter or the carbon compounds.
ORGANIC chemicals are manufactured synthetically, obtained from
plant sources or obtained from petroleum oil. Some exa,mples are:
from synthetics - DDT, DDD, 666, Chlodane, Tepp, Parathion; from
natural plant sources -- Nicotine, pyrethrum, rotenone, sabidilla;
petroleum - highly refined mineral oils.
INORGANIC chemicals are the flourine compounds, arsenicals or
chemical substances other than those derived from some form of carbon.
ORGANIC CHEMICALS are: Sabidilla, Rote none, Pyrethrum, DDT,
Chlordane, Hellebore, Hexachlorocychohexane, Petroleum oils, Ryania,
Thiocyanates, Fermate, Ammonia, Organic mercurials, Nitro derivatives, Organic coppers, Nitrogen compounds, Organic sulfur; HETPTEPP, Hydrocyanic acid, Carbon disulfide, Carbon tetrachloride,
Methyl bromide, N apthalene, and Paradich lorobenzene, Ethylene dichloride.
INORGANIC CHEMICALS are: Arsenate of lea-d. Calcium arsenate, Aluminum. arsenate, Magnesium arsenate, London, purple, Arsenite
of zinc, Paris Green, Arsenate of zinc, Basic copper arsenate, Sodium
fluoride, Barium fluosilicate, Sodium fluosilicate, Sodium flluoa luminate, Nicotine bentonite, Boron compounds, Mercury compounds, Selenium compounds, Thallium compounds, and Cuprous cyanide.

CHEMICAL CONTROL
Years ago, before nature's relationships had been disturbed to any
grea,t degree, there were comparatively few insects whose damage
seriously affected man from an economic standpoint. Howe ver, as the
balance of nature gradually wa,s upset in m an y ways, normal insect /
control factors also were changed so that tod ay one of the most serious problems facing us is the control of co untless varieties of insects.
The problem has been accelera~ed b y the introd_uc tion into this ]/.
country of many plants which carry insects and diseases of minor
importance in the country of origin but which under our conditions
often become serious if not fatal enemies to our vegetation. In order
to combat the attacks of insects severa l new methods of control
including chemical treating have been developed. 71
The oldest use of an insecticide on record is by Homer, about 1000
B. C., of "pest- averting sulfur". In 200 B. C., Cato recommended
bailing sulfur and bitumen (asphalt) where the fumes would drift
9
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into trees to kill the vine fritter. As early as the first century of the
Christian era the skin healing value of sulfur ointments was known.
The toxic properties cf arsenic were known as early as A. D. 40;
later, about A. D. 900, the Chinese set apart a day in June to kill
garden pests with a mixture of arsenic sulfides and wine. In the United
States, one of the first records of the use of arsenic was in 1848, when
a teaspoonful of powdered arsenic was mixed with a tablespoonful of
mashed potatoes as a bait for cockroaches.
The discovery, about 8 5 years ago, tha,t Paris Green would kill
the Colorado potato beetle marks the beginning of insect control by
the use of chemicals as insecticides. Lead arsenate was discovered and
found to be an effective insecticide in 1893. Its development may be
considered a distinct achievement. It still is the most effective material
known for certain pests. Later, such arsenicals as calcium arsenate,
and basic copper arsenate were developed and used. Cryolite and other
fluorine compounds as field insecticides were introduced and investigated by the Tennessee Agricultural Experiment Station in the 1920's
and reached their zenith during the Second World War.
The severity of the codling moth infestation, and the beginning of
the British blockade on American apples because o.f the arsenicalresidue fallacy, stimulated research for a more suitable insecticide.
Many manufacturers of chemicals realized the importance of finding
new insecticides, and thousands of compounds were tested (screened).
In 1942, DDT was reported as being toxic to insects, and its development and use during the war was tremendously important. This discovery showed that "chlorinated" compounds are of insecticidal value,
and as a consequence benzene hexachloride, chlordane, toxaphene, and
many other compounds have been found toxic to insects. After the
war, Ger man research workers revealed the fact that certain phosphate compounds, such as TEPP, and parathion also were toxic to
insects . 20 l

The term control is always used by entomologists rather than eradication. This is because few methods of treatment are effecient enough
to give a Ioo c;, kill. 90 '/c or better, however, is often possible and
therefore insects and weeds can be kept in control and econom:ic loss
is at a minimum.

HOW CHEMICALS KILL
Insecticides in general are divided 'into two classes because of the
manner in which they kill.
10
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STOMACH POISONS are those that kill by their action in the
intestines after being eaten by the insect with its food. These insecticides, such as lead arsenate and rotenone, cryolite, sodium fluosilicate,
ind paris green are effective on such chewing insects a,s beetles, fruit.;ree leafrollers, cut worms, grasshoppers, caterpillars, katydids, orange
tortrix, holcocera, and other insects that ·chew foliage.

CONT ACT POISONS are those that kill by touching the :feet, legs
or body of the insect. The poison enters the nervous system or vital
organs of the insect through the
breathing or sensory pores or
-,_
directly
through the body walls.
·~
.
,,--1
.
Contact insecticides are of most
/ -~
,,,
._.
value in combating insects that do
L- .
< ~,
not chew foliage but rather pierce
"\
; / .
-.'
J ...
the leaves or stems and suck the
juices from the plant, such as
(A)
(B)
aphids (plant lice), mites, scale,
FIG. 2.-A, Insect with chewing mouth
thrips, potato leaf hopper, false
parts; B, insect with sucking mouth parts.
chinch bug. (Parathion, TEPP,
DDT, BHC, lindane, chlordane and toxaphene are some of the contact
insecticides.)

--

- --

· -' \

/

--~-- '<:;_,; ' (~

,'/

,

'<~~) \.._,

CONTACT poisons are sometimes effective as stomach poisons too.
Stomach poisons, however are limited to insects which chew. Pyrethrum
and rotenone are effective as either stomach or contact insecticides.
FUMIGANTS kill insects through gas vapor breathed by the insect
and are used in air tight enclosures, such as graneries, greenhouses
and barns. Hydrocyanic acid (HCN), carbon bisulfide, methyl bromide and naptha-lene are examples of fumigants.
In the case of chewing insects that actually bite out portions of the
plant, it is possible to apply control measures before the insects actua-1ly appear. In the case of sucking insects (such as plant lice, aphids)
the insect must be hit directly by the insecticide. In other words, the
insecticide must contact the insect itself. The questions of whether the
insect gets his food through chewing and swallowing, by sucking
juices and whether the insect is ambulatory show the need for a careful selection of insecticides.
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TWO

INSECTICIDES FOR CROP USE

INSECT CONTROL IS PROFITABLE IN THE PRODUCTION OF MOST
CROPS AND ESSENTIAL IN MANY•

RESEARCH WORKERS,

BOTH FED-

ERAL AND STATE, ARE DIRECTING THEIR EFFORTS TOWARD THE DEVELOPMENT OF NEW OR BETTER MEANS OF INSECT CONTROL.

NEW

INSECTICIDES, AND EQUIPMENT TO APPLY THEM, ARE CONTINUALLY
BEING DEVELOPED AND APPEARING ON THE MARKET•

THERE IS NO

QUESTION THAT THESE NEW DEVELOPMENTS ARE OF VALUE,

BUT TO

AVOID INJURY, SERIOUS ILLNESS, OR EVEN FATAL RESULTS, USER!;
MUST BE FULLY INFORMED AS THE PROPER USE AND LIMITATIONS
OF THESE NEW PESTICIDES•

A

FEDERAL ACT, ADMINISTERED BY THE

U• S •

DEPARTMENT

OF AGRICULTURE, REQUIRES THE REGISTRATION OF ALL PESTICIDES'
OFFERED FOR SALE IN COMMERCE,

BEFORE A PRODUCT CAN BE

OFFERED FOR SALE CERTAIN REQUIREMENTS CONCERNING LABEL INFORMATION MUST BE MET,

INCLUDING,

INSTRUCTIONS ON USE,

HAZARDS, ANTIDOTE. LAWS SUCH AS THESE ARE FOR THE PROTECTION OF THE PUBLIC IN THE USE OF PESTICIDES.

LABELS ON

PACKAGES SHOULD BE READ AND INSTRUCTIONS FOLLOWED WITH
REGARD TO THE PROPER USE OF INSECTICIDES.

ENTOMOLOGY IS A BROAD AND COMPLICATED STUDY•

IT HAS

BEEN ESTIMATED THERE ARE SOME TWO MILLION SPECIES OF INSECTS.

AT ANY RATE, APPROXIMATELY

850,000

NAMED SPECIES

ARE KNOWN.

FUNDAMENTAL PRINCIPLES OF INSECT CONTROL
IT SHOULD BE KEPT IN MIND THAT EFFECTIVE INSECT CONTROL
BY MEANS OF C HEMICAL DEMANDS ADHERENCE TO CERTAIN FUNDAMENTAL PRINCIPLES;

I•

KNOWLEDGE OF THE INSTECT TO BE CONTROLLED,
LIFE HISTORY,

ITS

IDENTIFICATION, AND RECOGNITION OF ITS

INJURY.

2.

PROPER TIMING FOR CONTROL, OR WHEN TO APPLY THE
INSECTICIDE.

OFTEN THIS IS A LOCAL CONSIDERATION.

CERTAIN VARIETIES OF FRUITS AND VEGETABLES ARE
QUENTLY SUSCEPTIBLE TO INJURY.
TEACHER;

FRE-

EXPERIENCE IS THE

IT IS UNWISE TO APPLY INSECT IC IDES UNLESS

THEIR EFFECT ON THE PLANT IN THAT LOCALITY IS KNOWN•
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3.

INSECT IC IDES MUST BE APPLIED PROPERLY AND THOROUGHLY•

IT IS NOT OUR PURPOSE HERE TO DISCUSS THESE PRINCIPLES
OTHER THAN TO BRIEFLY MENTION THEM•

ANYONE ENGAGED IN

COMMERCIAL I NSE CT CONTROL SHOULD HAVE ACCESS TO ENTOMOLOGY TEXTBOOKS AND COLLEG E BULLETINS,

COUNTY EXT ENS ION A-

GENTS SEND OUT SPR AY NOTICES WITH REGARD TO THE CONTROL OF
SOME OF OUR MORE IMPORTANT INSECT PESTS.

CLASSIFICATION OF INSECTICIDES

DR, DONALD E. H, FREAR,

IN HIS

1961

PESTICIDE HAND-

BOOK, GIVES THE FOLLOWING CLASSIFICATION OF INSECTICIDES:

"STOMACH POISONS OR PROTECTIVE INSECTICIDES -

INSECTS

WHICH EAT PLANTS AND SOME OTHER TYPES OF EDIBLE MATERIAL
CAN USUALLY BE CONTROLLED BY COVERING THE SURFACES ON
WHIC H THEY FEED OR TRAVEL WITH A POISONOUS SUBSTANCE •
THESE POISONS ARE ABSORBED THROUGH THE ALIMENTARY TRACT,
AND HENCE ARE CALLED STOMACH POISONS•

SINCE THEY ARE US-

UALLY APPLIED BEFORE THE INSECT FEEDS ON A PLANT SURFACE,
THEY ARE ALSO SOMETIMES CALLED PROTECTIVE INSECTICIDES•

"MOST OF THE STOMACH POISONS ARE INORGANIC CHEMICALS
AND SOME FAMILIAR EXAMPLES OF THIS TYPE ARE LEAD ARSENATE,
PARIS GREEN, CRYOLITE, SODIUM FLUORIDE AND SODIUM FLUOSILICATE.

LESS COMMONLY,

POISONS SUCH AS ARSENIC TRIOXIDE,

SODIUM ARSENITE AND OTHER COMPOUNDS ARE USED IN POISONED
BAITS TO CONTROL ANTS, GRASSHOPPERS AND OTHERS•

"CONTACT POISONS OR ERADICANT INSECTICIDES-INSECTS
WHICH CANNOT BE CONTROLLED BY POISONING THEIR FOOD SUPPLY
OFTEN MAY BE KILLED BY DIRECT APPLICATION OF SUITABLE TOXIC
SPRAYS OR DUSTS•

IN ORDER TO KILL INSECTS IN THIS MANNER

THE TOXIC MATERIAL MUST ACTUALLY COME IN CONTACT WITH
SOME PART OF THE INSECT'S BODY.
IN THREE WAYS;

(1)

BODY OF THE INSECT;

THIS MAY BE ACCOMPLISHED

APPLYING THE MATERIALS DIRECTLY TO THE

(2)

APPLYING THE MATERIALS TO A SURFACE

ON WHICH THE INSECT MAY WALK OR CRAWL (RESIDUAL TREATMENl)
OR

(3)

INTRODUCING THE TOXIC MATERIAL INTO THE AIR WHICH THE

INSECT BREATHES (FUMIGATION).

"(1)

DIRECT APPLICATION OF CONTACT INSECTICIDES IS USUALLY

ACCOMPLISHED BY SPRAYS, DUSTS, OR AEROSOL TREATMENTS,
WIDE VARIETY OF COMPOUNDS IS AVAILABLE FOR THIS PURPOSE,

13
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ExAMPLES OF THESE ARE NICOTINE• PETROLEUM OILS 9 PYRETHRUM
AND PARATHION.

THESE MAY BE APPLIED AS SPRAYS

9

DUSTS, OR,

IN SOME CASES 9 AS SELF-PROPELLED AERSOLS •

n(2)

SURFACE OR RESIDUAL APPLICATIONS OF CERTAIN TOXI-

CANTS ARE EFFECTIVE IN KILLING INSECTS WHICH COME IN CONTACT WITH THEM FOR CONSIDERABLE PERIODS OF TIME.

DDT•

CHLORDANE• METHOXYCHLOR AND ALDRIN ARE EXAMPLES OF INSECTICIDES USED FOR THIS PURPOSE,

"(3)

F UMIGANTS ARE USED IN CLOSED SPACES• SUCH AS WARE-

HOUSES. MILLS, SHIPS

9

ETC.• IN WHICH A TOXIC GAS CAN BE RE-

L EASE D IN SURRICIENT CONCENTRATION TO KILL THE INSECTS PRESEN T•

HYDROCYANIC ACID GAS 9

METHYL BROMIDE• PARADICHLOR

OBENZENE AND CARBON DISULFIDE ARE COMMON FUMI GANTS•"

SYST EMIC INSECTICIDES -

A

MORE RECENT D EVELOP MENT I N

INS E CTICIDES IS THE SYSTEMIC I NSECTICIDES,

UNDER TH I S

CLASS I FICATION ARE THOSE INSECTICIDE S THAT ARE ABS ORBED BY
T HE PLANT AND TRANSLOCATED IN THE SAP S TREA M IN AMOUNTS
SUFFICIENT TO BE TOXIC TO INSECTS W HICH FEED ON THE PLANT•
THE ADVANTAGE OF THIS TYPE O F INSECTICIDE IS THAT ONLY THE
INSECTS WH I CH F EED ON THE PLANT ARE AFFECTED,

ALS0 9

IT

CANNOT BE WA S HED OFF BY RA I N ONCE THE PLANT HAS ABSORBED
THE CHE MICAL,

THE HAZARDS ARE THAT IN GENERAL THE SYS-

TEM IC CO MPOUNDS ARE QUI T E TOXIC AND SHOULD BE HANDLED
WITH CARE ,

OMPA

MATER IA L S SUCH AS PHOSPHAMIDON 9 DEMETON AND

ARE SOME OF THE SYSTEMICS PRESENTLY ON THE MARKET.

LABEL INSTRUCTIONS SHOULD BE FOLLOWED TO INSURE THAT RESIDUAL TOL E RANCE WILL BE MET AND THAT PROPER WAITING TIME
HAS LAPSE D PRIO R TO HARVEST IN CASE OF FOOD CROPS,

PROBLEMS ASSOCIATED WITH USE OF INSECTICIDES
THE INCREASED USE OF INSECTICIDES HAS CREATED MANY NEW
PROBLEMS• NOT ONLY FOR THE ENTOMOLOGIST BUT ALSO FOR THE
PLANT PHYSIOLOGIST• THE INSECTICIDE CHEMIST. THE SOIL BIOLOGIST, THE FOOD TECHNOLOGIST AND THE TOXICOLOGIST•

SOME OF

THE PROBLEMS WHICH MUST BE CONSIDERED ARE AS FOLLows:

I,

DETERMINATION OF THE EFFECTIVENESS OF THE CHEMICAL
IN COMBATING INJURIOUS CROP INSECTS,

DOES THE CHEM-

ICAL ALSO KILL THE NATURAL ENEMIES OF THE INJURIOUS,
INSECT 9

l,E,

9

ITS PARASITES AND PREDATORS?

14

2.

DETERMINATION OF THE PHYT0T0XICITY OF THE CHEMICAL.
IT SHOULD NOT INJURE OR CAUSE BLEMISHES ON THE CROP.

3.

RESIDUES REMAINING ON THE HARVESTED PRODUCT SHOULD
NOT BE INJURIOUS TO THE HEAL TH OF MAN OR ANIMAL
WHEN THE FOOD 15 CONSUMED,

4.

DETERMINATION OF THE EFFECT OF THE CHEMICAL ON THE
SPRAY OPERATOR,

5.

DETERMINATION OF WHAT BECOMES OF THE CHEMICAL IN
THE SOIL.

IT MUST BREAK DOWN RAPIDLY ENOUGH 50 THAT

NO RESIDUE INJURIOUS TO CROPS BUILDS UP IN THE SOIL.

6,

THE USE OF THE CHEMICAL SHOULD NOT RESULT IN UNDERDESI RAB LE FLAVOR CHANGE•

7.

TO WHAT EXTENT ARE THE MATERIALS COMPATIBLE WITH
OTHER INSECTICIDES OR FUNGICIDES WHICH MIGHT BE USE[·
IN C0MBI.NATI0NS?

GENERAL PROPERTIES OF INSECTICIDES

I.

THE CHLORINATED HYDROCARBONS,

THIS GROUP

OF INSECTICIDES INCLUDES SOME OF THE MATERIALS WHICH HAVE
BEEN USEFUL TO THE COMMERCIAL APPLICATOR,

THE CHARACTER-

ISTIC WH!CH THESE COMPOUNDS HAVE IN COMMON 15 THAT THEY
ARE THE PRODUCTS OBTAINED BY TREATING HYDROCARBONS WITH
CHLORINE•

SINCE THE VARIOUS MEMBERS OF THE GROUP CONTAIN

THE SAME ELEMENTS, CARBON, HYDROGEN, CHLORINE, AND OCCASIONALLY OXYGEN AND NITROGEN IN SIMILAR STRUCTURAL ARRANGEMENTS, THEIR CHEMICAL PROPERTIES ,ARE SIMILAR.

COMMER~IAL-

LY AVAILABLE MEMBERS INCLUDE THE FOLLOWING:

DDT

LINDANE .

ALDRIN

TDE (ODD)

HEPTACHL0R

DIELDRIN

METH0XYCHL0R

CHLORDANE

T0XAPHENE

THE CHLORINATED HYDR0CA~B0t-!5 ARE CHARACTERIZED BY
THE IR , ½,0W VAPOR PRESSURES AND WATER SOLUBILITY•

. THEY ARE

RELATIVELY INERT TO SUCH PHYStCAL AND CHEMICAL AGENTS. AS ,
HEAT, AIR, MOISTURE AND SUNLIGHT.

THESE PROPERTIES CON-

TRIBUTE TO THE.IR STABIL.ITY ,I N THE SOIL AND ON .THE , PLANT1 AND
EXPLAIN THE .I R . L0,NGER RESIDUAL LIVES, .

15

THESE MATERIALS ARE SOLUBLE IN COMMON ORGANIC SOLVENTS
SUCH AS CHLOROFORM• BENZENE• ACETONE AND ETHER•

THEY ARE

ONLY PARTIALLY SOLUBLE IN PETROLEUM SOLVENTS SUCH AS KEROSENE AND ARE ALSO OF LIMITED SOLUBILITY IN ALCOHOLS•

THEY

ARE FAT SOLUBLE WHICH ENABLES THEM TO PENETRATE THE INSECT CUTICLE BUT SOMETIMES GIVES THEM THE DISADVANTAGE OF
BEING ACCUMULATIVE IN ANIMAL BODY FAT•

RESIDUE PROBLEMS

ASSOCIATED WITH THIS CLASS OF INSECTICIDES LIMIT THEIR USEFULNESS IN MANY AREAS OF PEST CONTROL•

2.

THE ORGANIC PHOSPHATES.

THIS IS ANOTHER

VERY IMPORTANT GROUP OF INSECTICIDES WITH MANY PROPERTIES
IN COMMON.

COMMERCIALLY AVAILABLE MEMBERS OF THIS GROUP

ARE:

PARATHION

MALATHION

EPN

SYSTOX

TEPP

DIAZINON

THESE COMPOUNDS ARE CHARACTERIZED BY HIGHER VAPOR
PRESSURES THAN THE CHLORINATED HYDROCARBONS AND THE INORGANIC COMPOUNDS•

THEY ARE ALSO MORE SOLUBLE IN WATER

AND LESS STABLE TO MOISTURE• HEAT AND OXYGEN•

THESE CHAR-

ACTERISTICS EXPLAIN THEIR SHORTER RESIDUAL LIVES AND THEIR
MORE RAPID DEGRADATION IN PLANTS AND SOIL.

THE ORGANIC PHOSPHATES ARE UNSTABLE IN THE PRESENCE OF
ALKALINE MATERIA.LS - A FEW EVEN IN WATER OF SLIGHTLY ALKALINE PH•

THIS MAKES THEM INCOMPATIBLE WITH ALKALINE PES-

TICIDES SUCH AS LIME. BORDEAUX MISTURE. OR LIME-SULFER.

THESE MATERIALS ARE SOLUBLE IN THE COMMON ORGANIC SOLVENTS AND A FEW• TEPP,
UBLE IN WATER•

OMPA.

AND DYLOX• ARE EASILY SOL-

THE OTHER MEMBERS OF THE GROUP ARE CONS ID-

ERABLY MORE WATER SOLUBLE THAN THE CHLORINATED HYDROCARBONS•

THIS HELPS EXPLAIN THEIR GREATER TENDENCY TO TRANS-

LOCATE IN THE PLANT.

INDEED• SOME SUCH AS

OMPA.

DIMETH-

OATE (CYGON) AND DEMETON (SYSTOX) • ARE HIGHLY SYSTEMIC.

ALL OF THE ORGANIC PHOSPHATES ARE POTENTIAL CHOLINESTERASE INHIBITORS.

THEIR TOXICITY TO HUMANS VARIES CONSID-

ERABLY AND MANY OF THEM ARE CONSIDERED VERY DANGEROUS.

3 • . BOTANICALS.

INSECTICIDES WHICH ARE DERIVED FROM

PLANTS ARE CALLED BOTANICALS.

16

THE LIST INCLUDES NICOTINE;

ROTENONE,

PYRETHRUM AND RYANIA.

THE USE OF THESE MATERIALS

15 PROBABLY ON THE DECLINE ALTHOUGH THEY ARE STILL USEFUL
IN CERTAIN CASES.

ONE MEMBER OF THIS GROUP, ALLETHRIN,

15

ACTUALLY A SYNTHETIC COMPOUND BUT SINCE THE CHEMIST USED
PYRETHRIN AS HIS MODEL, ALLETHRIN 15 INCLUDED IN THIS GROUP.
THUS ALLETHRIN 15 THE FIRST BOTANICAL TO BE SYNTHESIZED BY
MAN.

ASIDE FROM THEIR ORIGIN, THE MAIN CHARACTERISTIC OF
THIS GROUP 15 THEIR SHORT RESIDUAL LIFE,

THIS PLUS THEIR RE--

LATIVELY LOW ACUTE TOXICITY ENABLES THEM TO BE USED IN SITUATIONS WHERE SPRAY RESIDUES ARE UNDESIRABLE•

4.

MISCELLANEOUS INSECTICIDES.

SEVERAL VALUA-

BLE INSECTICIDES WHICH CANNOT BE ORGANIZED ACCORDING TO ORI GIN OR SIMILARITY OF PROPERTIES ARE THE FOLLOWING:

ARAMITE SULFUR ,

AN ORGANIC COMPOUND CONTAINING CHLORINE AND

IT 15 A LI QUID AT ORDINARY TEMPERATURES AND 15 HY-

DROLYZED BY ALKALIES ,

LEAD ARSENATE -

LIME - SULFUR -

AN INORGA NIC,

AN INORGANIC,

LONG RESIDUAL LIFE,

INCOMPATIBLE WITH MOST

OTHER PESTICIDES BECAUSE IT 15 HIGHLY ALKALINE•

SEVIN -

A CARBAMATE INSECTICIDE DERIVED FROM THE SALT

OR ESTER OF CARBAMIC ACID.

I 7
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New chemicals are coming on the ma-rket every day. The formulations are different. Chemicals are being mixed. Some chemicals are
very dangerous to man. Others are very dangerous to plants. Again,
there is no substitute for knowledge. Consult someone who knows
before handling a new product. Be sure that the ma-t erial is right
for the paticular crop situation and that you have the local recommendations of your state and county agricultural a.uthorities.
In the following paragraphs are described most of ho-t h the common
and the newer type insecticides, herbicides and fungicides. The descriptions of these insecticidal chemicals have been grouped in alphabetical
order according to common names.

INSECTICIDES
e ARSENIC

TRIOXIDE (Arsenious Oxide) is a by- product of the
roasting of mineral ores. The chemical element known as arsenic is of
use in insect control only in certain o.f its compounds. One o.f these is
arsenic trioxide, it is a grayish white. to white crystalline powder. This

FIG. 3.
Courtesy Pennsylvania State College, School of Agriculture.
Dr. S. W. Frost of the Pennsylvania Station is conducting an insect survey of the
State. In conjuction with his work he has been. able t'.l advise in the control of insects
not usually given consideration by economic entomologists. He is seen here examining the roots of a cattail plant pulled from a waterhole for mosquito larvae.
18

form of arsenic may exist in three crysta'1ene forms, the cubic or
fibrus form, monoclinic and the amorphous form. It ha.s a relatively
low solubility in water, but is soluble in alkalies and acid.
Since arsenic has two different combining powers, its compounds fall
into two classes which have decidedly different properties. The starting
point for the manufa.c ture of the first class, called "trivalent" or
"arsenite" compounds, is arsenic trioxide, which is the white arsenic of
commerce. (The second class, lea,d arsenate is described later.) The
poisonous properties of a,r senic oxide were well known to the ancients
who fed white arsenic as a favorite method of murder.
As early as 18 61 it wa-s used a s an ant poison. This substance is only
sparingly soluble in water, though su:IHciently so to prevent its use on
plants. Its uses as an insecticide are therefore limited to poison baits
for control of such insects as grasshoppers, armyworms, als o sowbugs, and to certain other cases where the insecticide is not to be
applied to growing plants . 60 ( See elsewhere calcium magnesium,
lead arsenates and Paris Green.)
•

• ALDRIN is the official name given compound 118 by the U. S.
Department of Agriculture. It was developed by and is manufactured
exclusively by Julius Hyman and Company. Compound 118 is the
labora,t ory name under which this product is sold to insecticide
formulators. It is used to control bollweevil, alfalfa weevil, olive fly,
thrips, tarnished plant bug, co-tton flea hopper, cutworms and grasshoppers- As a larvicide it can be used against flies and mosquitoes.
As of March 1950, Aldrin was approved only for the control of
cotton insects. During the summer of 1950 it was used very effectively
against grasshoppers in the Montana area. Two to four ounces per
acre is sufficient for locusts, grasshoppers and crickets. It is said to
offer a- faster and surer kill with extremely low dosages than has
heretofore been possible. 190
Aldrin is a white crystalline solid highly soluable in most organic
solvents but insoluable in water. It is readily formulated as a- wettable
powder, an emulsifiable concentrate, an oil solution or as a low percentage dust. 191
•

•

eALLETHRIN (Compound 264) is a synthetic pyrethrum and is
said to be almost identica.J with the natural pyrethrum. Its manufcturing process is extremely complicated. A large amount of raw material
is required to produce a relatively small amount of finished pesticide.
As much as a million pounds of raw materials, including water must
be handled in order to produce 5000 pounds of finished chemical.
This material eventually will compete with the natural pyrethrums
which now must be imported. It remains to be seen whether its synthetic
source will bring down the cost. At present, allethrin is thought to
19
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be no more toxic than the natural pyrethrum. Its effectiveness as a
pesticide gives promise of being satisfactory, however, it will require
more time to prove its real value. In extensive tests with fleas and
roaches its knock down and kill appear to equal that of the natural
pyre thrum.
Allethrin is manufactured exclusively by the Union Carbide and
Carbon Corporation of New York. Sales are made through S. B. Penick
and Company and John Powell and Company of New York and McLaughlin Gormley Kink Company of Minneapolis.
I

I

I

e AMMONIUM

POL YSULFIDE: Instead of reacting with lime, sulfur may be reacted with ammonia to form a yellow solution of
ammonium polysulfide. The commercial preparations contain about
41 per cent ammonium polysulfide and a-re offered for use instead of
lime-sulfur solution. Ammonia readily escapes with simultaneous
deposit of sulfur, and hence solutions must be kept in tightly closed
containers. 60 Ammonium polysulfide is reported to be useful as a,
greenhouse spray against red spider and as a spray ::i,gainst gooseberry mildew. 226

e ARAMITE ( 15-W) is a product of Naugatuck Chemicals D ivision
of the U. S. Rubber Company. This material was tested extensively
in 1949. The manufacturer recommends one pound of the 15 % wettable
powder to I 00 gallons of water. The ma-nufacturer claims that a ramite
is effective against the active stages of mites and that the following
mites have been controlled: brown, clover, citrus bug, Pacific Spruce,
European, poultry, 2 spotted, red and red spider. Aromite is said to b~
compatable w ith the organic chlorinated hydrocarbons, oils and many
of the dithiocarbamate fungacides . 251
I

I

I

e BARIUM

FLUOSILICATE: The fluosilicates were developed in an
effort to get away from the residue problem of the arsenicals. Barium
fluosilicate is said to be more toxic to insects than the natural cryolite,
however, its cost is also greater. It was first used in 1926 against the
Japanese beetle. Barium fluosilicate is not compa-table with lime sulfur, soap solutions, calcium arsenate, Bordeaux mixture, or nicotine. 226 ( See Cryolite)

e

I

I

BASIC-COPPER ARSENATE is a light grey green crystalline compound. This material is useful in the control of the cotton boll worm,
cotton leaf worm and the flea hopper, horn worms, flea beetles, and
the Colorado potato beetle. It is the only copper fungicide that is
compatable with calcium caseinate, blood albumin, wettable sulfur
and dusting sulfur.

e BHC

I

I

I

( 6 6 6) ( Benzene Hexachloride) is of English origin and is
well known abroad under the name ·"666". It is available in the form
! of a dust or diluted wettable powder, the insecticidal strength of
20
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which is depend1mt ·upon the pertientage- of the gamma · isomer' .p resent•
.i\ .'8triking feature of this insec-ticide is its objectionable, .,,perietrating, ,
persistent, disagr~ab.le odor •which ,has. been described. as •: resembling ,
the odor of a musty mattress. Lately, ·a refined form called lindane
which is vlirtually odorless has become coninierd.ally available:. Ii':
consists pr.imar,ily of thll ,gamm'a isomer portion .but .is ·more ·expensive ·
th'1n, the cn.:ide ,for,m:. h , is likely to gi:ve ,an ,off flavor to vegetables.
Some . commercial n a mqs fot B:H (> formulations •are g·a mtox, , gamex;
gammexane, _and Jexo1Je.-·
· ,.,,.
·
BHC is compatible • wit h most . insecticides . and, ~ungicides . Jmt its
effectiveness is gre_~tly; , reduce.d when use~ in _~orpeaux mixtµre, caJ~
ciunr ,a rsen.ate or lime _d iluents. BHC acts as a stomac:h poison, conta<,:t,
poisoJt, :a~d S li;w acting fµm i~ant . . TJie crude BHC is ~. pal,e brown
to w h _i~e p9wde1;. T4i;, od1Jr ~ess fonn .,qL6HC, which is the pure, gamma.
isomer , is a white, practically odorless, · ccystalline material; iBe.cat;1_se.,
. .. . . . . .~f its objectiona hie odor BHC .is . of
limited , µsefulnrss on , foqd crop~!;
howev e·r , it has received · wide ac~
cepta_nce _for use on crops such as_
cotton . .. '
'

FIG. 4 . .

Co urtesy :Pen nsylva ni a St·a te
Co ll eg e, School, ,of A grirnl tu-r,e.

BHC is somewh~t m ore to'x ic ·to '
man and· d~mestic animals than '
DDT. 182 (See 'Lin·darie for fur J. '
ther discussion.) Any time· that '
high gamma benzene hex'ichloride '
in oil is spra,y ed on . orange trees_
after the fruit is set ah off-flavor ~
will result; according tt>'. the e·x~ .'
pJ riments ' 'clorle at tnb: Cit'i:u'~., Ex~' .
periment Stttio.n ; L'ike' · A lfred'; .
Florida. There is ITO off fl a vor;
howe'ver,·' •w _h e_n used as a w ettable;'
powder . . 2 ·50 .
'1

Field experiments conducred .by the Pennsylvania -~tatfon iqdicate' that sprays ,o f.
BHC are effe,ctjve against plum cut~Lt!j()
fdt six 0r seven days. Egg is . deposited
under the' skin ....:_ larva feed' of{ rhe plum :
··,t, ,..:~
,t
t.r ·• ~•-·
f

•

t

'

;-. .:.;!'"...

e CALCIUM

CYAN AMIDE is white in ·color a:nd freely soluable ·'in
water. This material, in the form of granules or dust, is an increasingly
important insecticide :a:nd herbicide. · 1t di-ffers' ., from other cyartide
compounds in tha:t; an aci'd does not need'to be add~d -in order to lib.e i:ate ·
hydrogen cyahide. ·Moistu~e -froni the -air is sufficient unless the humidJ
ity is low.· The dust may • be used straight or di}u·t ed with 50 to ' '7'5 '
per cent of -hydrated lime, su1fu'r, ·or other carrier: Calcium cyanainide ·
is used 'chiefly -to contPol ·aphids, leafhoppers, and ·'l.itnilar insects. Its ' 1
use must be avoided with plarits'i'w-hen 'they -'are moist ;because ·of ''
· danger of burning. 60
'
-

' :: -~

.

:

• I

~( l ' / ( )
, · ., , I

. When _used alone-0r .in .com.binatiomwith sodium· fLuosilicate, calcium .
cyanJlmide ~~ .used .. a.s, a . defoliant spray to remove the · leaves .front; ·
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cotton. (See defoliants elsewhere in this volume.) Calcium cyanamide
contains both nitrogen and calcium and therefore has double value
as a fertilizer when used as a defoliant or herbicide. 226
•
I
•
e CALCIUM ARSENATE is a stomach poison. It should be used
similar to lead arsenate, but is not interchanga.ble when the recommendations call for one or the other. It is a little safer to use on some
plants than lead arsenate in tha.t both the lead and arsenic are poisons.
Calcium arsenate is also colored pink as a safety measure.
Calcium arsenate is used extensively against insect pests of cotton
and of many truck crops, especially potatoes and tomatoes. On many
other plants it is not so safe as lead arsenate. The pure material gives
rise to far too much soluble arsenic, and possible damage to foliage.
Accordingly all commercial products contain varying amounts of
hydrated lime, usually from 20 to 30 per cent. 60
I

I

I

e CHLORDANE

( CHLORDAN) is the official name of a chlorinated
hydrocarbon which in concentrated form is a viscious, nearly odorless,
amber colored liquid. The manufacturing process produces a mixture containing sixty to seventy-five per cent of the pure compound,
and the remainder consists of related active compounds. Chlordane
is completely soluble in common organic solv ents, including deodorized kerosene. It is not soluble in water. Chlordane reacts with many
alkaline reagents and therefore should not be mixed with chemicals
having an alkaline reaction.
Because it exhibits a multiple effect in killing insects, chlordane is
capable of acting as a stomach poison when ea.ten, as a contact
insecticide when touched or walked upon, and as a fumigant when
insects are exposed to its vapors. As a stomach poison, it is effective
by application to foliage against many leaf-eating insects such as
grasshoppers. As a contact insecticide, it will control such pests as
roaches, flies, animal lice, plant (lygus} bugs and carpet beetles.
There is evidence that chlordane residues usually disappear in fourteen to twenty-one days. 182
Chlordane is reportedly effective against many garden pests, particularly promising against root maggots. 167 It is used extensively on
curculio and is recommended for spittle bug control on strawlberries. 179 It is also useful against ants and is becoming popular in
grasshopper control where it is desirable to spray entire young crop
fields being attacked by grasshoppers. Chlordane may be used in preparing either wet or dry grasshopper baits.
I

I

e CRYOLITE

I

(Sodium Fluosilicate}: Fluorine is a constituent of
hydrofluoric acid, which is used to etch glass. Several derivatives of
this compound have been advocated as insecticides. The simplest,

22
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sodium fluoride, is too solu b le for u se on plants but may be u sed in
p oison bait s. A n other ma.terial w h ich is a complex fluor ide containing both sodium and aluminum, called cryolite is sod ium floa luminate. This compoun d is but slightly soluble and can be u sed against
many chewing insects . In damp climates it is apt to cau se burning.
Both the naturally occuring mineral and a synthetic preparation
are on the market.
The fluosilicates all lack adhesiveness, therefore, require a stickerspreader. (See elsewhere in this series fo r discussion of spreaders
and stickers.) 60 The cryolites when used in place of the arsenica,ls
are said to be effective against chewing types of insects such as the:
apple maggot, horn worm, bean leaf beetle, leaf roller, blister beetle,
melon worm, tobacco budworm, Mexican bean beetle, cabbage worms,
pea weevil, corn earworm, pickle worm, codling moth, potato beeltes,
berry fruit worm, rose chafer, cranberry weevil, sod webworm, cucumber beetles, soybean caterpillar, squash vine borer, curculio, tomato fruit worm, flea weevil, flea beetle, tobacco flea beetle, and
tobacco worms,
Barium fluosilicate, sodium. fluosil icate, and sodium fluoaluminate
make up the cryolite family. These materials have been advocated as
horticultural dusts and sprays to replace the arsenicals. Cryolite is
r ela t ively n on-inju rious to plant foliage, and in some sections of the
country h as been used satisf a c t or ily f or codling moth control. The
tolerance for fluorine residue on apples a nd pears is 7 parts per m illion
or approxima tely 0.05 grains per pound. This limits the u se of c r yolite
on edible fru it s in lat e application.
C ryolite is also effective against certain species of beetles. Cer t ain
fluosilica t es are used extensively in powdered f orm as cockroach a nd
an t poisons. Soluble fl u osilicat es are used in moth proofing woolen
g oods to protect them again st f eeding of clothes moth larvae. 100
Cryolite is compatable with more m aterial t han a re most other fluorine containing insecticides. It may be u sed successfully w ith mineral
or fish oils, soaps and flotation sulfur. 226
I

I

I

e ODD,

TOE (Rothane D-3): DOD is similar to DDT but lacks
one florine atom and resembles it in most respects. It is m a nufactured
by Rohn and Haas under the trade name_Rothane. DDD is only l l 0
as toxic as DDT to wa.rm blooded animals. It is also somewhat less
toxic to insects, however, it is useful particularly for late applications
to small fruits. DOD takes the place of cryolite which cannot be used
on late applications because of residue. l 82
According to Lloyd Stitt, Western Washington Experiment Station,
DOD was just as effective as DDT used on potatoes against the flea
beetle. 105 Seven applications of DOD were made with 5'/r concentra23
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tion. A fixed copper was used for disease control, and 1 % petroleum
oil was added to hold down drift. DDD cannot be used with oil as a
sticker on raspberries as they will develop chlorosis.
DDD is being used in the northwest against the orange tortrix and
in California for tomato insects. It is recommended particularly for
the control of the red banded leaf roller. 169 The proposed tolerance
for DDD is 5 ppm. A spray applied to red raspberries one month before harvest is said to have had a residue of only 2 ppm upon harvest.
I

I

I

• DINITROS: The original German name for the dinitros was antinonnin. During recent years a number of commercial products containing nitro derivatives of phenol or cresol have come on the market.
These are soluble to only a very slight extent in water and to the
extent of several per cent in spray oils. The pure compound o.f 4,6dinitro-o-cresol is a yellow solid. If it is treated with alkali to form
the sodium or ammonium derivatives, the solubility ratio in water
and oil is reversed, for these derivatives are freely soluble in water
and only slightly soluble in oil. By keeping the spray water a.c idic,
it is possible to keep the dinitro compounds in the oil, and they are
of value as oil-soluble toxicants for red spider and similar pests.
The ordinary dinitrophenol and dinitrocresol are highly injurious
to foliage and hence are chiefly of value in plant protection during
th e dormant season or as weed killers. For such use the water-soluble
sodium derivatives, such as sodium dinitro-o-cresolate, are prepared
either as dry powders or as solutions of fixed concentration in water.
In the la tter case a special wetting agent usually is included in the
solution.
A compound somewhat similar, which is much safer on foliage, is
dintro-o-cyclohexylphenol, sometimes called "DNOCHP" for short. This
substance is slightly soluble in water, but dissolves to several per cent
in spray oils. I t may be made water soluble by addition of alkali, such
as sodium hydroxide, but at the same time the solubility in oil is
greatly decreased. Solutions in oil are also used, for example, a 4 per
cent solution of DNOCHP in winter oil. In the presence of lime, the
calcium salt is formed and the effectiveness 1s greatly decreased. Similarly, lime-sulfur is not compatible.
Dust containing dinitro-o-cylohexylphenol or derivatives· formed
from it are often called "DN dusts" or "dinitro dusts". A derivative
of particular value for use on citrus is dicyclohexylamine dinitro-ocyclohexylphenate. The best diluents are acidic, principally walnutshell flour or redwood-bark flour. 60 "Dinitro compounds, derivatives
of cresol and phenol, have found a place in dormant apple sprays,
chiefly to kill aphid eggs.

e DILAN is a combination of the two experimental nitroparaffin
materials CS 645A and CS 647 A manufactured by Commercial Solvents
24
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Company. These materials w er e given wide experimentation during
the summer of 194 9 and give promising results on the peach and other
fruit and bean insects. It has been especially successful against the
Mexican bean beetle, the sout her n army worm, range grasshopper,
leaf hopper, and cabba ge w orm. Dilan is sai d to be about half as toxic
as DDT to warm blooded anim a ls. 251
I

I

I

• DIELDRIN (Compound 497) is one of t h e newer materials g1vmg
considera ble promise of usefulness as a c ontrol for grasshoppers. As
yet n o recmmendations are available. D ieldrin differs from a ldrin in
t h a t it possesses a higher vapor pressure with a m u ch longer residual
action. The manufacturer, Julius Hyman Company, d oes not r ecommend its use in situations where its residue might be hazardous t o
edible or forage crops. It is said to be useful a,g ainst all of the pests
affected by aldrin. Dieldrin is of particular interest in the control of
insects attacking forest trees and wood products. Its toxicity has n ot
as yet been d eter m ined. 2 51

e DDT became availa ble for commercial agricultural use iri 1947.
It was firs t p roduced b y a G erman scientist a.bout 75 yea r s ago, but
not until 19 39 w a s it p aten t ed as an insect icide b y Geig y Incorpora ted,
a Swiss c ompany. The economic import a nce of DDT is indicated b y
the fa ct that over 50 million pounds of it w er e m anufactu1ed in 1950.
There are th r ee main reasons for . the rap id a cceptance of D DT. First,
DDT possesses a high toxicity toward many insects. Second, it is h a rmless to man and animals, a n d third, its discovery came at a time when
our national supplies of r oten on e and pyrethrum w ere low. DDT is
one of the most effective insecticides ev er discover ed for the control
of some insects, but it is not effective against a numbe r of others.
As an a c ute poison t o h igher anim als, D DT is not consid ered dan,gerous, but it accumulates in the body and may constitute a h ealt h hazard
through its chronic toxicity. The use of DDT may cause an increa se
of certain pests, for example, DDT may kill t he natural enem ies of
the black bean aphid and red spider-mites, thus allowing these pests
to increase to damaging numbers. 167
Between 4 and 5 million pounds of DDT were used in the potato,
pea, apple and pear crops of the State of Washington in 1947. DDT
has largely replaced cryolite and rotenone for combating many crop
pests.
A report of the U. S. Department of Agriculture in March 1945
lists 3 0 insects as those against which DDT is especially toxic ( definitely more effective than the insecticides previously used). It listed
19 other insects in which DDT was only equal in .effectiveness as
currently used chemicals and 14 in which DDT had little or no
effect such as mites and ticks.
25
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DDT poses a very impressive list of crops and pests on which it is
effective. It can be used against the codling moth in orchards, pea
aphids in peas, fireworm and fruitworm in cranberries, lygus bugs
in alfalfa, tussock moth in fir trees, the cornborer, the cucumber
beetle, the flea beetle, the leaf hopper, the oriental fruit moth, cutworms, and tarnish bug.
DDT is tasteless and resembles flour in its dust formulations.
Generally speaking warm blooded animals can survive 100 times the
dose that cold blooded animals can take. For insects, DDT is both a
contact a nd stomach poison. An insect walking across a DDT impregnated surface may appear at first not to be affected but soon it beg ins to tremble, has convulsions and dies.
Investigations have shown that DDT, while it may be injected in
small amounts daily by animals with no immediate effects, does accumulate in the fatty tissue and cause later h a r m. For this reason,
care must be taken not to use DDT on a n y forage crop to be fed to
dairy or livestock. It must not be used on cattle or in dairy barns.
Methoxychlor is recommended to take the place of DDT in controlling flies in dairy barns .
DDT is soluble in oil and does not deteriorate to any appreciable
extent when exposed to the sun and weather. It is insoluable in water
and its use is therefore limited to a suspension when used in spray
form. The addition of a small amount of wetting agent fa,cilitates the
suspension of the wettable powders.
Bees light and take off from the white blossom peta,l s. The DDT
program requires no calyx spray for codling moth control. Therefore, poisoning of bees which have been brought into the orchard for
pollinating should no longer occur. If you should apply insecticides
for aphids or climbing cutworms, during the blossoming period, however , be sure to notify bee keepers to remove the bees from such
orchards. 58
Investigations were made during 1947 of the effect of insecticides
on wildlife, these included field and laboratory tests, and evaluations
of actual operations. In one area consisting of more than 400,000 acres
of forest land in northern Idaho, DDT in oil was a,p plied by airplane
at the rate of one pound to an acre for control of the Douglas fir
tussock moth. Studies near the center of a large, continuously treated
block indicated about the same wildlife effects as had previously been
found in smaller units. Birds and mammals were unaffected. Fish
were affected but slightly in the area as a whole, however, rather
heavy losses of some species were noted in limited regions. Uneven
spray distribution or unintentional retreatment may have been the
cause for the heavy fish kill in some parts of the area. A complete
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authentic summary on this subject may be found in Circular 15
"Effects of DDT and Other Insecticides on Fish and Wildlife Service".
DDT is insoluable in water. Washing by the ordinary methods is
therefore difficult and unsatisfactory. Exact extent to which residues
are present in harmful quantities on unpeeled fruits and vegetables
has not yet been determined. Until this information is available the
best advice is to not use DDT at those stages where it can accumulate
on the actual fruit but rather to use other in~ecticides in the postblossom sta,g e.

, ,

DDT M U ST NOT BE USED ON CATTLE,
AROUND BARNS or on any FORAGE CROPS.

The Food a nd Drug Administration in 1945 established a tolerance
on DDT of .05 grain per pound. This is the equivalent of 7 parts
per million. Where DDT is used against the codling moth first brood
the residue at harvest is so low that washing of the fruit is unnecessary. However, fate applications of DDT applied only a week
or so before harvest results in fruit residue accumulations which
are impossible to clean within the tolerance, a,ccording to Kenneth C.
Walker of the Tree Fruit Experiment Station at Wenatchee, Washington. 1 If the residue at harvest exceeds ten parts p,e r miillion, it
is usually impossible to remove DDT to a point below federal tolerance.
I

I

I

e DMC

(DIMITE) is a trade name for one of the chlorinated hydrocarbons. This material is formulated by the Sherwin - \Villiams
Company. It h as shown considerable promise fo,r control of orchard
mites on the West Coast. Dimite is a close relative of DDT.
According to the manufacturer, "Data concerning toxicity to
human beings indic a te that DMC is less toxic to humans than
DDT". 105 Dimite is said to be very effective against the Willamette
mite, the European red mite and the two spotted mite.
I

I

I

• DORMANT SPRAYS for apples and pears (northwest) are of two
types: one is an oil emulsion consisting of 3. 2 actu.al oil ( usually 4
gallons of oil in 100 gallons of spray). Oils should be of 100 to 120
viscosity and a sulfonation test of 50 to 70. This spray is effective
in controlling scale, pear psylla, European red mite, and clover mite.
The second type of dormant spray consists of liquid lime sulfur (32 °
Baume) 11 gallons to 100. Four pounds of dry lime sulfur is equivalent to 1 gallon of liquid lime sulfur. When using 3 gallons liquid
lime sulfur to 100, use 1 % actual oil. This spray is effective against
scale, rust mite, and blister mite. 58 ( See Petroleums for further discussion.)
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eELGETOL is mark eted under many brands as wettable powders
and solutions. It is a 23 per cent solution of sodium dinitro-o-cresylate.
The same chemica l is a lso sold as k renite.

Wettable pow ders a re used mostly with dormant oil sprays. They
are very effective ag ainst oystershell and scurvy scale a nd a phids.
Do not u se dinitro-o-cresol compounds except in strictly dormant
peri@d. Do not u se on peaches at any time. 168
I

I

•

eEPN is a new organic phosphorus m iticide. According to its developers, it is effective a gainst most species of mites and protects from
reinfestation f or sev eral weeks.
I
•
•
e FLOURINE COMPOUND S ( See Cryolite).
I
I
I
eHELLEBORE, now outdated, is another natural organic material.
It is obtained from a plant known as Indian poke or itch weed. This
material, like rotenone and pyrethrum, is poisonous to insects but
harmless to humans. Hellebor e is both a stomach and contact poison.
•

e HETP

I

I

(Hexeythltetrophosphate) (See TEPP) .
I

I

•

• KRINITE (Sodium- dinitro-o-creslate)
I

I

(See Elgetol).

I

• LEAD ARSENATES (Pentavalent): The second class of arsenical
compounds, is the pentavalent or arsenate type which includes some
of the most important of all insecticides. Two compounds con taining
lead are extensively used in controlling all kinds of ch ewing insects.
Each has been called by various names: ( 1) Standard lead arsenate,
also called acid lead arsenate, lead hydrog en arsena te, d i-lead arsenate; and ( 2) basic lead arsenate, also called triplubic lead arsentae,
neutral lead arsenate. These two substances differ in the ratio of
a rsenic to lead. The standard lead arsenate averages approximately
20 per cent arsenic and 60 per cent lead by weight , whereas the b asic
averages approxima t ely 14 per cent arsenic and 6 3 per cent lead.
The standa rd t y pe of lead a rsenate contains more arsenic per pound
than the basic t y pe, is a stronger poison, and acts more quickly. It
is also more susceptible to the a ction of other chemicals, particula rly
those of an alkaline nature (such as soa ps and lime sulphur solutions).
Although safe to use on most plants, in c ases where there is possibility
of damage to foliage an equal quantity of hydrated lime may be added as a safener.
The disadvantage of lead arsenate is residue, which may be dangerous to food. A federal law prohibits the interstate sale of foods
having more arsenate than a ratio of I pound to 40 tons of food.
Lead arsenate is naturally white but is usually colored pink to identi2.8
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fy it better and avoid its being mistaken for flour or powdered sugar.
Lead arsenate may be combined safely with nicotine sulfate, bordeaux
mixture, or oils; but it should rarely be used with soap because of
the possible burning action of the arsenic freed by this combination.
(See elsewhere, arsenic trioxide, magnesium, and calcium arsenates.)71

• • •

• LETHANE was substituted for the shortage of rotenone during
World War II. Organic thiocyanates are highly toxic as a contact
insecticide to many species of insects. The one most widely used is
sold under the trade name Lethane. It may be used as a toxicant in
oil sprays, as in fly sprays, or absorbed upon a carrier and applied as
a dust. Lethane is available in three commercial concentrates, 3 84,
3 84 Special, and 60. The lauer is used largely to boost the killing
power of rotenone.

e LINDANE

is the pure gamma isomer of benzene hexachloride. This
highly refined product is recommended by the agricultural department entomologists as the preferred material for use in fly control
in dairy barns. It is also potent stomach, contact and fumigant insenticide. Gives quick kill to flies immune to DDT, however, it has
only ¼ the chronic toxicity of DDT. The technical grade benzene
hexachloride is being used successfully against cotton pests and other
insects.

There is some reason for confusion between the terms benzene
hexachloride and lindane. Benzene hexachloride is actually a mixture of five closely related materials which are called isomers. Only
one of these five materials, the ga,m .m,a isomer, has been found to be
generally effective as an insecticide. This insecticidal effective material ( gamma isomer) has been separated in ·a very nearly pure state from the other four materials in the mixture, and ·is called lindane.
Lindane, like other agricultural chemicals, is not used in its pure
form, but is blended or formulated into ready-to-use insecticides such
as a 25 % lindane wettable powder. A 25% lindane wettable powder
would contain 25 % of the gamma isomer of benzene hexachloride.
Keep in mind that benzene hexachloride is the mixture of all fi v e
isomers. 130 Lindane has almost no odor as compared with the crude,
or technical benzene hexachloride. According to Oregon entomologist, 168 it too has been found to impa,r t off flavors to certain food
products when used in excessive am-0unts.

e LIME-SULFUR:

• • •

This compound is obtainable in liquid commercial
concentrated form, dry powdered form, as well as by home manufacture. It is used in concentrated form usually at 2 gallons to I 00
gallons of water and is useful principally in orchard spraying in place
of bordeaux. Lime-sulfur is unpleasant to use since it has an offensive
odor, is corrosive to the skin, and causes discoloration of painted
surfaces.
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Lime-sulfur is now obtaiinable in dry powder form which is useful
because of convenience. It is effi:cient as a summer spray at the rate
of 6 pounds per 100 gallons. 71 (See lime-sulfur discussion under
fungicides). Lime-sulfur is used as a dust insecticide carrier as well
as a fungicide. Also it is very useful as an insecticide itself against
red spider mites, however, it is limited in this function because of its
lack of ovicidal value. 1 Lime-sulfur solution hru. many uses in controlling insect pests and fungus diseases in fruit trees. The strength
of the concentrate varies, and should be ascertatned from the manufacturer or by means of the Baume or specific gravity scale on a limesulfur hydrometer.
I

I

I

• LONDON PURPLE: Like Paris Green this is another of the arsenical family. London purple was discovered by the Hemingway Company
of London as a waste product in the manufacture of dye. London
purple is not used extensively now that calcium a,rsenate has largely
replaced it. London purple cannot be used on tender foliage or on
fruit tree foliage,
·
I

I

I

• MAGNESIUM ARSENATE has several special purpose uses. Magnesium arsenate has been the principal arsenical recommended for
control of the Mexican bean beetle because both calcium and lea<l are
inadequate to control the beetle and because lead arsenate and calcium arsenate a,r e likely to cause injury to bean foliage. Magnesium
arsenate gives good control without severe plant injury. It is more
expensive than lead arsena,te. Magnesium arsenate has now been largely
supplanted by rotenone products and cryolite. 100
I
I
•
e MERCURY COMPOUNDS: Metalic mercury has been found to
function as a fumigant when confined to an enclosed space. All soluble
compounds of mercury are extremely poisonous and are wiidely used
as germicides. Mercuric chloride ( corrosive sublimate) is used to
some extent in treatment of plant diseases. Its insecticidal use is
largely confined to action as a larvicide and repellent for root maggots and similar insects. One ounce of mercury chloride and 8 gals.
of water gives a I: 1,000 solution. Distilled or rain water should be
used, and the solution must not be kept in a metal container. Contact
with any kind of organic matter or absorbent material, for example,
clay, results in removal of the mercuric chloride from solution. The
solution may be prepared more readily with warm water. It must
be stressed that this substance is extremely poisonous even in very
dilute solution.
The slightly soluble compound, mercurous chloride, called cafomel,
is useful against certain root-infesting insects, for example, the cabbage maggot. Mercurous chloride is used as a dilute dust, at 1 part
to 2 5 parts of talc. 60

e METHOXYCHLOR

I

I

I

(Methoxy DDT) is an analogue of DDT prepared by the DuPont Company and offered to the trade under the
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name "Marlate" or "Orthotox" manufactured by the California
Spra,y Chemical Company. Its chief advanta,ge is that it is safer to
ap.p ly on vegetables and animals and is far less toxic to man than
DDT. Methoxychlor is available both as a wettabe powder and as
a dust. It is compatible with fungicides, including a low-lime bordeaux mixture, and is used wherever DDT presents residue or other
hazards.
Methoxychlor gave results equal to DDT in horn fly control in
Kansas. Because of its sa.f ety, it is a desirable substitution for DDT
for fly control on livestock, especially dairy cattle. There is less danger
to vegetables, especially on cucurbits and beans, tlian when DDT or
BHC is used for control- Methoxychlor is said to be only I/24th as
toxic to warm blooded animals as DDT. For this reason it will probably be used extensively for after blossom sprays where other materials might result in excessive residues. It is unsoluble in water but
soluble in many common solvents used in industry.
I

I

I

• MET ACIDE is a mixture of the dimethyl analog of parathion and
parathion. It was developed by Dr. Gerhard Schrader who ·a lso discovered Parathion. This product was formerly available under the
name of Gearphos. It is reported to be marketed in the future by
a joint company formed by Pittsburg Coke and Chemical Company
and Geary Chemical Corporation.
This material is said to have been offered in Europe for the past
2 years during which time it has shown much promise as a control
for aphids, mites and some promise for the larvae of the Mexican
bean beetle. 2 51
• NEOTRAN, a Dow Chemical Company product, formerly known
under the code number K 1875, is another acaricide closely related
to DDT and used to a limitd extent in the Pacific Northwest. Formulated as a wettable powder, neotra1t contains 40 per cent of the active
ingredient. It is reported to be only I / 10th as toxic to warm blooded
animals as DDT, and like DDT, is not readily absorbed through the
skin. 105

e NICOTINE is a stomach poison, contact insecticide and fumigant.
It is obtained from scrap tobacco and is useful in killing a wide range
of both chewing and sucking insects. It is highly poisonous to both
man and animal but is safe to apply to plants. It is quite expensive
but can be diluted considerably.
Tobacco dusts and infusions were used many years ago both as
fumigants and as contact poisons. Substantial progress, however, wa3
not made until the toxic constituent, nicotine, w'a$ isolated in commercial quantities. Dusts are in the form of nicotine sulfate. Sprays are
based on nicotine sulfate solution and soap. A pint of concentrate to
100 gallons of water along with 5 pounds of soap makes a good solu31
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tion. Nicotine sulfate may be combined safely with arsenate of lead
as a combination spray. The addition of soap or miscible oil as a wetting agent will increase the effectiveness of nicotine sulfate from 1 ~lz
to 2 times. Nicotine decomposes very rapidly when exposed to air
and light.
Certain facts must be kept in mind in order to use nicotine preparations to the best advantage. By itself, nicotine is a fairly vola tile
and very toxic liquid. It reacts with a great variety of substances
to form nonvolatile compounds, which are relatively nontoxic as long
as they remain undecomposed. Free nicotine is liberated from any of
its compounds by the addition of an alkaline substance such as lye,
soap , washing soda, lime, bordeaux mixture, lime-sufur, and to
a less extent even by limestone. For insecticida l use it is marketed
chiefly as a 40 per cent solution of nicotine in the for m of nicotin e
sulfate. 60

e NICOTINE

BENTONITE: When u sed with bentonite n icotine is
a stomach poison as well as a contac t poison. It is a vailable under the
trade name Blackleaf 15 5. It g ives excellent con trol of m an y sucking insects such as aphids and apple leaf hoppers. A disa dvantage of
nicotine bentonite is that it is about twice as expensive to use as lead
arsenate.

e PARIS

GREEN: Another compound of the trivalent arsenic group
is paris green which was formerly used in v ery larg e amounts in the
control of many kinds of chewing insects, and is still used o n particula rly h ardy plants. The decreasing use of paris green is a n example
of the prev iously mentioned tendency to use materials of known and
strictly controlled properties. 60 When paris green is used as a spray
usually a safener consisting of 2 pounds of lime to each pound of paris
green is used.
Disadvantages of paris green are:
1. It is toxic to the foliage of many plants, burning most plants

except potatoes and sugar beets and the most resistant ones.
2. It is toxic to man and animal and is relatively expensive.
As a dust, paris green should be diluted a,t the rate of one part of
paris green to 6 to 9 parts of diluent. As a spray use a ratio of 1 ounce
of paris green to 6 gallons of water with 2 ounces of hydrated lime
added. 7 Paris green should not be used on the foliage of fruit bearing trees.

e PARA THI ON:

Here is an insecticide being viewed with terror by
some people because of its high toxicity to man. When used properly
there is no more danger than there is · in handling many other poisons.
You n;ust understand its characteristics, however, namely that it has
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no odor arid therefore can be brea,t hed without detection. It can be
absorbed through the skin very readily.
This material w:as tested in 1947 by over 150 entomologists in state
and federa,l agricultural experim.ent stations. Results have shown thiophos to be an excellent insecticide for the control of a wide range of
insects on a wide range of crops. One reason for parathion's popularity is that it is effective for almost every pest m which DDT is
not effective.
Parathion is the official nam.e for one of the organic phosphate
inseticides. It is of German origin and was originally distributed by
the American Cyanamid Compan y under the name thiophos 3422 .
It is now offered for sale b y various companies under the trade names
of thiphos, P.A.R., vapophos, penphos, aphamite, para.dust, phos kil,
lethal aire G-54 (aerosol), parathion a nd perhaps others. It kills as a
c ontac t spray, stomach poison and a fumigant. Parathion is available in the dust, wettable powder and aerosol forms, the lat ter for
use in g r eenhouses. The dusts con.t ain 0.5, 1.0 and 2.0 per c ent of
the toxicant; the wettable p ow ders contain fifteen per cent and
twenty-five per cent of the tox icant and are used at t h e · rate of
one-half to one pound to 100 gallons of water.
Parathion is recommended by the American C yanamid Com pany,
the leading sponsor of it, as a control fo·r "aphids, mit es, t hrips, beetles,
red-banded leaf-roller, cottony-cushion scale, orient al fruit moth,
woolly apple aphid, plum curculio, pear psylla, mealy bugs, and bud
moth". It also has been reported as effective for the control of bean
beetles, cucumber beetles, cabbage worms, leaf hoppers, grasshoppers,
and many others. It has been used in Kansas against the juniper lecanium with satisfactory results. It appears to be particularly . useful
in greenhouses since it kills all insect pests and red spiders without
injury or discoloration of plants or flowers. The wettable powder spray,
applied while the operator is protect ed by a respirator, raincoat,
gloves, and hat or cap, has given highly satisfactory results in greenhouses. Parathion has residual killing power for seven to fif teen days
during which time it gradually disappears.
Parathion should not be used on plants either as dusts or sprays
within thirty days of harvest. It is not stored in the tissues of plants
or animals to an appreciable extent. In fact, parathion appears to be
rapidly destroyed by body tissues. 182 Parathion is said to be 70 times
as toxic to warm blooded animals as DDT. It must never be handled
without using a respirator mask. (See illustrati0'11, in volume 4)
Although its high rate of toxicity makes it a dangerous insecticide
to handle, there are two features which should also be taken into consideration: First, the low concentrations at which parathion is effective in controlling aphids and mites; Second, the rapidity with which
parathion breaks down following its use as a spray. Parathion residues
on plants are lost very rapidly after application.
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American Cyanamid Company developed a very •~•itive method
of chemical analysis for determination of r esidues on plants. I t wa1
developed before marketing the p rodu ct commercially and h as been
u sed successfully in tens of thousands of determinat ions on practically
every crop, in practically every area in t he United States. Even when
the intake of parathion considerably exceeded t he a mount that would
be fed t o animals under pr actical condit ions, parathion did not affect
~ilk qualitr, rate of milk flow, or food consu mption. 160
Parathion was available for experimental use first in 1947, has
been found very effective in controlling orchard mites and aphids on
tree fruits in the Pacific Northwest. Some 600,000 pounds of pa'rathion were used on tree fruits in Washington in 1949, It is only
slightly soluble in water (20 p.p,m.). It is completely miscible in
such organic solvents as the alcohols, ketones, ethers, aromatic hydrocarbons, animal and vegetable oils. It is practically insoluble in petroleum ether, kerosene, and refined petroleum oils used as sprays. 105
According to the American Cyanamid Company 250 "It has been
dennitely established that when used according to directions, insecticides containing parathion give outstanding protection against most
insects and mites attacking such fruits as apples, grapes, peaches,
pears, prunes and plums, strawberries and walnuts. And on vegetables
it kills most insects common to beans, cabbage, celery, cucumbers,
corn, squash, peas, peppers, toma.toes, potatoes and most root vegetables".
The Cyanamid Company urges as do all insecticide manufacturers
that you consult local agricultural authorities on your insect problems.
Weather, timing, method of application are important fact ors in the
successful use of parathion. Send to American C yanamid Com pany,
32-D Rockafeller Plaza, New York 20, N ew York for your copy of
"Growers Manual" giving latest recommendations f or u sing parathion.
t
•
I
8 PETROLEUM OILS: Petroleum oils are assuming a large and important place in the insect and weed controlling picture. Petroleum
oil products serve in two ways. Oil cont ains many insect and w eed
killing properties in itself, and second, it provides an excellent carrier for insecticide and herbicide sprays. In addition to its t oxic etfect
1 it possessses good spreadin g and penetrating qualities which add t o
· its usefu lness as a carrier. Also it does n ot volatize as readily as a
water carrier.
Kerosene w:as probably the first form of oil used as an insecticide.
It was mentioned in insecticide literature as early as 1763, Commercial
orchar dists used a combin ation of kerosene, soap and water as early
as 187 1. Most any k in d of salvage oils such as crank case drainings
can be u sed t o kill insects and v egetation non-selectively.
The natu r e of petr oleu m oils is complex. Petroleum is a mixture
of substances consisting m ainly of ca rbon and hydrogen but with a
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varying amount of sulfur and nitrogen-contammg compounds also
present. By distillation, usually under a vacuum, it is divided into a
number of fractions. That fraction which at normal pressure distills
between approximately 500 ° and 750 ° F is the source of spray oils.
It may also be considered as light lubricating oil, the fraction coming
over at the next higher temperature range gives the commercial
lubricating oils.
Since ma,t erial distilling over such a wide range would vary greatly
in its properties, it is customary to take the spray-oil fraction in two
or more cuts, each covering a narrower temperature interval. These
cuts are still composed of a great variety of compounds, some of
which are very toxic to plants. It is therefore necessary to purify
or refine them. This is done by mixing either with cold liquid sulfur
dioxide or with hot sulfuric acid. Both processes are often used to
obtain very highly refined oils .
In order to determine how far the process of refinement has been
carried, a test has been devised called the "unsulfonated residl{e test".
This depends upon the fact that when a petroleum oil is treated with
strong hot sulfuric acid under certain specified conditions, a reaction
goes on until only very nonreactive constituents of the oil a,re left.
For any particular sample of oil, the portion not acted upon will be
a certain per centage of the volume taken for the test. This percentage,
the "unsulfonated residue", represents the portion which is too inert
chemically to react with sulfuric acid under the conditions of the test.
It has been found that toxicity to plants is less, the greater the wnsulfonated residue, but effectiveness as an insecticide is only slightly
decreased.
A number if other tes t s are used to f urther identify their properties. The most important is the distillation range. The oil is heated
in a long-necked flask under certain definite conditions, and the percentage distilling over a 5 to 2 5-degree interval of temperature is
determined. The California State Department of Agriculture 60 has
established a classification of oils used on foliage according to the
percentage by volume distilling at 636 ° F under atmospheric pressure.
Five classes are recognized, as follows:

Percent by Volume Distilling at 636 ° F
Light
Light medium
Medium
Heavy medium
Heavy
Another property used
which is a measure of the
number of seconds needed
through the orifice of a

64
52
40
28
10

to
to
to
to
to

79
61
49
37
25

in describing spray oils is the viscosity,
ease of flowing. It is stated in terms of the
for 60 cubic centimeters of an oil to flow
Universal Saybolt Viscosimeter when the
35
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latter is kept at 100° F. The more viscous the oil the longer the time
required to flow out of the viscosimeter, and vice versa. The viscosities of spray oils vary from about 40 seconds to considerably over
100. 60

Selection of oils is very important. A consideration in the use of
oils is the fact that plants and trees are much more easily injured when
they are growing and in foliage than when they are in dormant condition. This has given rise to the grouping of spray oils into two classes:
( 1) dormant or winter oils, whose unsulfonated residue is ap.p roximately 65 to 80 per cent; and (2) foliage or summer oils, whose unsulfonated residue is approximately 80 to 100 per cent.
The viscosities vary widely, with the dormant oils more viscous
on the average than the summer oils. In general, the distillation
ranges and viscosities vary similarly. Since both the insecticidal value
of oils and ·their harmful action to plants are also proportional to
the length of time they remain after spraying, the distillation range
affords a useful basis for classifying both summer and winter oils.
An important distinction between the requirements for spraying
deciduous trees and those for spraying citrus trees is that the latter
have no true dormant season and accordingly can be treated with
summer oils. The two groups of oils overlap somewhat, for oils of
intermediate properties are often necessary for use on deciduous trees
at the time of budding. 60
A further classification of spray oil intended for dormant uses is
necessary. (This classification also is taken from California State
Department of Agricultural Standards.) 208 Any mineral oil or petroleum oil sold to be applied to dormant trees or plants for use in
pest control, whether or not mixed with other materials, shall be
labeled with the minimum guaranteed percentage of unsulfonated
residue as determined by the California State Method. Statement of
the Class is not required, but if the Class is given, it shall be determined by the percentage distilling ait 63 6 ° Fahrenheit as follows: 208

Dormant Light: 64 to 79 per cent of the oil distilling at 63 6 degrees
Fahrenheit.

Dormant Light Medium: 52 to 61 per cent of the oil distilling at 636
degrees Fahrenheit.

Dormant Medium: 40 to 49 per cent of the oil distilling at 636 degrees Fahrenheit.

Dormant Heavy Medium: 2 8 to 3 7 per cent of the oil distilling at
6 3 6 degrees Fahrenheit.
Dormant Heavy: IO to 2 5 per cent of the oil distilling at 63 6 degrees
Fahrenheit.
36
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The following classification is taken from the California State Standards. 208 This classification serves as a general guide to classification
terms, however, the same standards do not necessarily exist in other
states. Any mineral oil or petroleum oil sold to be applid on foliage
for use in pest control, whether or not mixed with other materials,
shall be labeled both with the minimum guaranteed percentage of
unsulphonated residue as determined by the California State Method,
and with the Grade 'or Class in which it belongs as follows:

Light: 64 to 79 per cent of the oil distilling at 636 degrees Fahrenheit. Minimum unsulphonated residue 90 per cent.
Light Medium: 52 to 61 per cent of the oil distilling at 636 degrees
Fahrenheit. Minimum unsulphonated residue 92 per cent.
Mediu.m,: 40 to 49 per cent of the oil distilling at 636 degrees Fahrenheit. Minimum unsulphonated residue 92 per cent.
Heavy Medium: 28 to 37 per cent of the oil distilling at 636 degrees
Fahrenheit. Minimum unsulphonated residue 92 per cent.
Hea,v y: IO to 25 per cent of the oil distilling at 636 degrees Fahrenheit. Minimum unsulphonated residue 9t per cent.
Unclassified: (Any mineral oil or petroleum oil that does not conform to the specifications of one of the preceding Classes shall be
labeled "unclassified" and with the minimum unsulphonated residue
- - per cent.)

Miscible oils, oil emulsions and em.ulsifiable oils are the forms in
which oil is used in the different methods of application. Miscible oils,
oil emulsions and em;ulsifiable oils differ mainly in the character of
the concentrates. oil emulsions are prepared by breaking the oil up
into fine globules and adding water up to 50 % . Emulsions vary in
consistency and color. Their appearance can vary from a thin cream
to a thick brown paste. Miscible oils contain an emulsifier dissolved in
the oil. The concentrate is prepared by mixing the miscible oil with a
small amount of water (4 to 6 per cent). This material has the appeara,n ce of clear lubricating oil when added to the spray tank. With th'!
agitator running a creamy-white mixture is obtained. An emulsifiable
oil looks like a miscible oil, however, when it is added to the spray
tank (agitator running) it does not change color in the tank. It
emulsifies and assumes the whitish color only under pressure as it
leaves the spray gun nozzle.
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Stable oil emulsions contammg approximately 85 per cent oil are
made by a large number of manufacturers. A wide variety of oils are
used but, in general, these preparations fall into the two classes of
winter and summer oils previously mentioned. The convenience of
using emulsions, particularly for the small user, has made them very
popular, and supervision by the State Department of Agriculture has
standardized the oils used.
Data on the oils used are published by the State Department of
Agriculture, but the emulsifying agents are secret. Since the type and
amount of emulsifying agent largely control the amount of oil that
is deposited in spraying, it is not possible to obtain the same results
when various oil emulsions are used at the same concentration, even
though the oils in them are similar. Each manufacturer gives directions
for using his preparations.
One decided advantage tha,t commercial oil emulsions have is that
they require comparatively little agitation, since an excess of emulsifying agent is used. The corresponding disadvantage is that some deposit less oil than tank-mix sprays of equaJ oil content, and somewhat
higher concentrations may be advisable for securing equal control of
the same insects. The emulsions are made in two forms known as the
paste and flowable types. The latter ha,s become more popular because
it is easier to remove from the container and to disperse in the spray
tank. 60
Tank-mix oils preceded the use of commercial oil emulsions. Before
the introduction of emulsive oils, the Agricultural Experiment Station
of the University of California and others pioneered in the development of the tank-mix method of preparing oil sprays. By this method
the oil and emulsifying agent are added separately to the spray water
and the emulsion is prepared in the spr~ tank immediately before
use. Accordingly, the amount of emulsifier can he varied to suit local
conditions, and the best possible use of the spray oil may thus be made.
Since the cost of oil and emulsifier is considerably less than that of
either commercial emulsions or emulsive oils, a large saving is possible.
On the other hand, each step of the process must be thoroughly understood and carried out correctly or the results will be unsatisfactory
either because of poor control or because of plant injury. 60
The most commonly used emulsifier is powdered-blood-albumin
spreader, which consists of I part commercial blood albumin plus 3
parts fuller's earth. It is used ordinarily at the rate of 4 ounces to
I 00 gallons of spray. The order of adding materials to the spray tank
is not important, but is preferable to add the oil and the emulsifier
while the spray tank is being filled so that the emulsion is first formed
in only a part of the spray water.
Agitation must be continued consta~tly until the tank is emptied.
Most spray outfits in the citrus districts are adequately powered to
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run large agitator blades of the propeller type at about 200 . r.p.m.
Tank-mix oil sprays are used extensively on deciduous fruits. For use
during the folia1ge season, light or light-medium oils of 90 per cent
or higher unsulfonated residue are satisfactory. On Yellow Newton
or Smith Cider apples, only light oil should be used. During the dormant season, tank-mix sprays are very useful for destruction of various
scale insects, brown-mite eggs, and leaf-roller eggs. Oils of 70 per
cent or slightly higher unsulphonated residue and 100 to 120 seconds
Say bolt viscosity at 100 ° F. are most widely used. Particular attention
should be paid to securing adequate agitation with such comparatively
unrefined oils. The same blood-albumin spreader that is used for citrus
spraying is entirely satisfac t ory for dormant sprays. 60
Dormaint oil specifications are less exacting. One grade of oil only
is n ecessa ry for all dormant spray emulsions. It should have a viscosity
b etween 100 and 120 seconds, Saybolt, and a relatively low "sulphonation" test that may vary between 50 and 70. This grade of oil
has been found effective and safe. 219
I

I

I

e PYRETHRINS:

For many yea rs the powdered flowers of the pyrethrum plant have been sold for use against such pests os fleas and
bedbugs, and mixed with water have been used against such insects
as cankerworms. Within the last few years extracts of the flo,w ers
have appeared under various trade names.
At first these were not standardized except that a certain weight
of dried flowers was used to make a gallon of prepared spray. Since
different methods of extraction varied in effi;ciency, the products were
far from uniform. It was then discovered that the principal insecticidal constituents are two complex organic compounds which have
been called "pyrethrins". The pyrethrins are all viscous liquids soluable in a variety of solvents but not in water. The yresent pnv::tice is
to produce pyrethrum concentrates having a guaranteed pyrethrin
content. This material is frequently used with oil. A typical formula
for use against grape leafhopper is: Pyrethrum extract (for example,
2 per cent pyrethrins) •. 1 to 2 pints Summer-grade commercial oil
emulsion or emulsive oil or tank-mix oil with 4 ounces of blood albumin spreader . . 2 gallons water to make 100 gallons. It is nonpoisonous to animals and man and useful where such considerations
are important. Although primarily a contact poison it is also toxic as
a stomach poison. Its efficiency is increased by using soap. or other
setting agent in the spray mixture. It may be applied as a dust or
spray. 71 It is used against aphids (plant lice) and many other sucking insects.
Pyrethrum decomposes rapidly when exposed to sunlight. "This plant
product from the chrysanthemum family has very low toxicity for
higher animals and gives a very rapid knock-down of . a wide variety
of insect pests. The effects of pyrethrum alone, however, a.re often
temporary, the insects recovering later to continue their feeding.
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Chemicals almost identical with the natural insecticidal principles
in pyrethrum flowers have been synthesized in the laboratory. This
achievement is the culmination of about 15 yea.r s' investigations on
the chemistry of pyrethrum by chemists of the United States Department of Agriculture. The compounds responsible for the insecticidal
properties of pyrethrum are esters known as pyrethrins. The newly
synthesized compounds are closely related to one of the esters. They
have the same knock-down, or paralyzing, effect on insects, and
indications are that they will not lose their insect-killing value so
quickly as the natural material. One of these compounds, or pyrethroids, has been found in laboratory tests to be several times as toxic
to house flies as the combined active principles of pyrethrum flowers.
The toxicity of the synthetic products to higher animals is being
investigated. 271
• PYRENONE: Piperonyl cyclonene and piperonyl butoxide are now
referred to as pyronones. They are manufactured by the United States
Industrial Chemicals, Inc. The chief advantage in the use of the pyrenones is that they are not poisonous to man and warm-blooded animals.
The pyrenones are toxic to insects but are used most commonly as
synergists (boosters) for pyrethrum and rotenone.
Manufacturers report that pyrenones, with or without pyrethrum
or rotenone, are effective against the Colorado potato beetle, squash
bugs, cucumber beetles, red spider, flea beetles, cabbage loopers, and
possibly other vegetable pests. Pyrenone is available as a wettable
powder T-194, as an emulsion, T-195, and as a dusting powder. 182
I

I

I

• ROTENONE: Nature herself holds the key to insect control. Wild
plants which are unable to protect themselves are provided with
spines, needles, hairs, thorns to protect them from insects and animals.
They even manufacture repellants such as bitter tastes, odors and
even poisons. Many lichens produce insect poisons such as vulpinic
acid from wolf moss. Not only have we learned how nature protects
but we have learned to use some of the natural plant insect poisons
as well as to produce synthetic mixtures for use as insecticides.
The roots of several species of tropical plants have long been used
by natives as fish poisons. Investigation of these has shown that many
of these plants contain compounds of high insecticidal potency. The
most toxic of the compounds is rotenone, and analysis is usually expressed in terms of rotenone and total extratives, which include the
other valuable compounds. The plants concerned are varied in appearance and habit of growth, and their popular names differ in various
regions, In the Orient several species of derris are the principal source,
and in South and Central America numerous species of lonchocarpus
are most inportant. These are popularly called cube, timbo or barbasco.
The three forms of rotenone-containing materials are: ground roots
intended for use as dusts or sprays, extracts of the toxic contstit-
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uents either ready for u~e or intended for suitable dilution in sprays,
and dusts consisting o: impregnated inert carriers such as talc to
which extracts have been added. Since various commercial products
contain differing concentrations of active ingredients, the manufacturer's specifications and recommendations should be followed. Alkaline
diluents should be avoided because rotenone is less stable in the
presence of any alkaline material.
Different species of insects and cold-blooded a,n imals, such as fish,
differ greatly in their susceptibility to rotenone. Warm-blooded animals and humans are in general but little affected when the material
is swallowed or applied to the skin, and this safety is a very valuable
property. Certain individuals, however, are hypersensitive and develop
severe skin irritation. 60 One of the interesting differences between
the natural insecticides and the synthetic ones is that the naturals are
much less sta.ble.
Rotenone is a contact poison primarily but is effective with both
chewing and sucking insects. It is used against aphids, caterpillars,
many beetles and various other insects including red spiders. Rotenone

Fig. 5. -

DUST-MASTER DUSTER

Courtesy Mississippi Valley Aircraft Service

This photo shows Stearman with Dust-Master installation laying swath. Note width
and general eveness of pattern.
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is non-toxic to warm blooded animals and is therefore satisfactory
for use on small fruits since there is no poisonous residue. Rotenone is
rapidly destroyed by light and oxidation. It must be effective at once
or not at all. Its effectiveness lasts only four or five days, For the
same reason it results in little residue and is therefore adaptable as
an after-blossom treatment for small fruits.
I

I

I

• RY ANIA is one of the newer insecticides and claimed to be very
efficient as a treatment for control of the corn borer. It leaves no
residue, however, it is more expensive than either DDT or pa.r athion
for this purpose.
Ryania is a genus of plants of which the most important one insecticidally is R. speciosa from northern parts of South America~ The active principles are present primarily in the roots and stems. Of these,
ryanodine has been isolated and found effective both as a contact and
a stomach insecticide. Ground stems of ryania: are generally recommended for control of the European corn borer, applied as a dust
or water suspension. The product is generally compatible with fungicides, wetting agents, and inert diluents. Activity is reduced some in
combination with hydrocarbon oils. Because the toxic principles are
relatively stable, ryania products possess significant residual effect and
undergo little loss of activity in storage.
I

I

I

e SABADILLA

is a newer insecticide which is made from the poisonous plant, cevadilla, grown in Mexico and Central America. This
insecticide is made from the ground bulbs of a lily-like plant. It is
available as 10 and 20 per cent dust formulations. It has very low
toxicity to higher animals, will not injure sensitive plants, and is
effective against plant bugs such as squash and lygus bugs. The dust
may cause sneezing when breathed. 167 Sabadilla is available in dust
form containing 10. or 20 per cent sabadilla seed with lime or pyraphyllite as a diluent. Exposed to air on plants, sabadilla loses toxicity

rapidly.

e SELENIUM: Chemically selenium is a solution in potassium and
ammonium sulfides. This insecticide was tried out in 1939 by the Tree
Fruit Experiment Station at Wenatchee, Washington, and was . very
effective in the control of Pacific mites.
Because of their high toxicity to warm blooded animals, selenium
compounds are not advised for use on food crops. The Food and Drug
Administration allows no tolerance and fruit sprayed with selocide is
subject to seizure if an excessive quantity of selenium is found.
Determining what is an excessive amount of selenium is difficult for
it occurs naturally in some soils and even can be detected in the fruit.
Selocide is the name of a seleniuum. compound manufactured by the
McLaughlin Gormley King Company. Under suitable conditions it has
been found possible to introduce selenium compounds into plants
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through their root systems. This affords protection from insects within
the plant itself protecting these plants from red spiders and aphids.
Because selenium is toxic to the higher animaJs it cannot be used against
insects on edible plants.

e SODIUM

FLUOSILICATE (See cryolite) .

e SODIUM

FLUOALUMINATE (See cryolite).
I

I

I

e SULFUR:

Generally speaking, sulfur has little value in controlling
most insects. However, it is useful in controlling mites. It's main use
is in the treatment of fungus diseases of plants. A full discussion of
sulfur is therefore included in the "Fungicides" section of this volume.
I

I

I

e TEPP:

Cut off from their normal supply of nicotine as an insecticide
during the last war, German scientists worked on several of the
organic phosphates as substitutes. Captured enemy reports indicated
that one of these phosphates, known as bladam, was particularly
efficient for the control of aphids and mites, even more so than nicotine alkaloid itself.

Research chemists in the United States later found that the active
ingredient in bladan was not hexaethyl tetraphosphate, as claimed by
the Germans, but another phosphate ester best described as tetraethyl pyrophosphate. Consequently, the real value of commercial preparations depends on the tetraethyl pyrophosphate content. Tetraethyl
pyrophosphate is a colorless, mobile liquid, miscible with water, acetone, alcohol, benzene, carbon tetra.chloride, alll.d other solvents. It is
not miscible with kerosene, petroleum ether, or other paraffinic oils. 105
For the most part TEPP is formulated with a solvent and emulsifiers
so that the commercial product has a content of 20 per cent tetraethyl pyrophosphate. This material is available from a number of
manufacturers of which the following is a partial list: Vapotone California Spray Company; Teratone - Lucas - Kiltone Company;
Nifos - Monsanto Chemical Company; Bladex - Shell Oil Company;
Tetrone - Easton Chemicals Incorporated; Hexamite - Niagra Chemical Company.
The concentrated forms of H;ETP and TEPP are highly poisonous
to warm blooded animals, including man. For this reason, precautions
should be taken to avoid spilling the concentrate on the skin or clothing, since it is absorbed through the skin. Persons applying the sprays
to vegetation should protect themselves from the spray because many
persons are highly susceptible even to the dilute spray. 182
Tetraethyl pyrophosphate has been used successfully to control some
species of mites and aphids. It has little residual action. 58 Promising
results have been noted on the two spotted spider mite, green chrys43

anthemum aphid, pea aphid, green peach aphid, plum curculio, sweet
clover weevil and the rose sawfly. TEPP residues are reported to disappear rapidly. 219 According to some authorities grains may be pastured three days after application. This, however, does not apply to
BHC and parathion. The latter may require 3 or more weeks to disappear. Consult your local county agent freely on such questions.
There is no evidence at the present time that TEPP is fatal to
game birds. It appears that where dead birds have been found in
treated orchards that the cause is due to chronic DOif poisoning,
ra,ther than any other new insecticides. According to Dr. Arnold J.
Lehman, U. S. Food and Drug Administration, tetraethyl pyrophosphate is 125 times as toxic as DDT. Considerable care must be used
in handling this material. Manufacturers recommend that persons
susceptible to the product be removed from the job whenever there is
tightness of chest, pa,i nful vision or nausia.

e TOE

(See DOD).

e TOXAPHENE

is now the official name for an insecticide manufactured by the Hercules Powder Company and formerly frequently
designated by the name chlorinated camphene. As an insecticide it is
most closely related to chlorda ne. It can be used successfully aga inst
most of the pests controlled by DDT, benzene hexachloride and chlordane, with certain advantages. It has prolonged killing pow er, is of
low volatility, and possesses a faint pleasant odor. This in secticide
now appears to be slightly more toxic to warm blooded animals than
chlordane. 182 Toxaphene has been recommended extensively for the
control of boll weevil.
Technical t ox aphene product is an amber, waxy solid with a mild
odor suggest ive of both chlorine and camphor. It is readily soluble
in such commercia l solvents as acetone, benzene, fuel oil and kerosene.
Toxaphene is a vailable as liquid spray concentrates that contain 45
per cent and 60 per cent of the technical material. The first named
contains 4 pounds of technical chlorinated camphene per gallon; the
second, 6 pounds per gallon. Dust formula.t ions are also available,
containing 5 per cent, IO per cent and 2 0 per cent chlorinated camphene - a 40 per cent spray powder is also available for use as a
spray or as a base for making dusts.
•

•

•

• PHENACIDE is the term utilized by the Thompson-Hayward Chemical Company. Geigy Company, Inc. put out a 40 per cent chlorinated
camphene under the trade name GY-Phene 40, while the Stauffer
Chemical Company uses the names Emtox 45 and Toxadust. Pennsylvania Salt Company formulates a chlorinated camphene in concentrations of 20 per cent and 40 per cent under the trade name Penphene. 10 5 Toxaphene has been found to be phytotoxic to cucurbits.
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USES OF INSECTICIDES
SINCE EACH INSECT PEST MAY REQUIRE A SPECIFIC INSECTICIDE AND WITH THE CONSTANT DEVELOPMENT OF NEW INSECTICIDE!,
NO ATTEMPT WILL BE MADE TO RECOMMEND RATES OR USE IN THIS
MANUAL,

INFORMATION REGARDING THE RATE OF APPLICATION,

RESIDUE TOLERANCE, SPECIFIC INSECT CONTROL AND HAZARDS CA~i
BE OBTAINED FROM THE FOLLOWING SOURCES AND SHOULD BE CONSULTED PRIOR TO APPLICATION:

1,

THE MANUFACTURER'S LABEL OR CHEMICAL COMPANY REPRESENTATIVE ,

2,

STATE AND COUNTY AGRICULTURAL AUTHORITIES,
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THREE
WEED CONTROL IN THE U. S.

Weeds are now the number one cause of large grower losses on the
average fa~m. Recently the United States Chamber of Commerce published the results of a survey which reveals that weeds cause the
farmers and gardeners of the United States an annual loss of $3,000,
000,000,00. This loss from weeds is probably as great, if not greater,
than the loss to farmers from all livestock diseases, insect pests and
plant diseases combined. 28

GROWERS LOSE MORE THAN
$3,000,000,000 ANNUALLY
BECAUSE OF WEEDS
Herbicides like insecticides are of both organic and inorganic types.
among the organic herbicides are: 2,4-D; 2,4-T; MCP; IPC; trichloracetic acid; phenolic compounds; carbon bisulphide; chloropicrin.
Among the inorganic herbicides are: arsenicaJ compounds; Boron compounds; chlorates; cynate; cyanamid; amonium sulfamate; thiocyanates; sodium chlorates. The following paragraphs describe briefly the
most common of these weed killers. These chemicals are treated in
alphabetical order according to their most commonly used names.
This nation did not know the real losses which weeds impose upon
agriculture until about the year 1930. By that time millions of acres
had been seriously infected with harmful noxious weeds. Eradica•
tion of weeds permits better water penetration. Getting rid of the,
weeds eliminates much competition for food and moisture. Without
weeds to contend with, crops are more easily harvested. Finally, weed
elimination produces clean and more salable seed crops.
Because of the hidden way by which weeds spread, they frequently
go unnoticed until they seriously reduce crop yields. The control or
eradication of weeds is probably one of the oldest problems confront•
ing the agricultural industry. Nature seems to have endowed many
of the widely distributed weeds with special characteristics which
enable them to compete favorably with crop plants. Most crop plants
do not possess these special characteristics. Consequently; if crop plants
are to survive, they must be cared for by man and protected against
the aggressiveness of weeds. 111.
46

PART

III

SELECTIVE WEED CONTROL
Weed control has now become a science. Early methods involved
cultivation and competative cropping. More recently chemicals such
as sodium chlorate, carbon bisulfide a nd borax have been used effectively and today there is a w ide choice of selective and non-selective
weed sprays on the market most of w hich are highly effective when
properly used.
The interes t in ch em ical methods of w eed control has had its impetus
largely from the discovery of using growth regu lators, such as 2 ,4 - D
as a mean s for killing weeds. Since the b eginnin g of the u se of 2 ,4-D,
ther e have been many other new chemicals pla ced on the m a r k et.
Such t erms as , proch lors, . dichloropropenes, and dinitros, are w idely
a dvertised. Some of the chemicals can be used as selective materia ls,
others v:ily as contact herbicides, a nd still others c an be used for b oth
types by v arying the rate of a pplicat ion or the concentrat ion of the
spray. 1 2 1
Chemical weed control is nev er a "cut and dried" progra m . V a r ia b les, su ch as the difference in weed susceptibility and densit y, crop
a nd growth conditions and climatic fact ors, req u ire t he applicator to
call on his experience, knowledge and judgment. now

Herbicides like insecticides w ork a ccording to sev era l different
principles. Keith C. Barrons, speakin g before the 6th Annua l North
Cent ral Weed Control Conference, list ed these types of information
needed on all new herbicides:
1. How it enters ·the plant.

(This a ffects application techniqu e) .

2. The extent and n a ture of transloca tion.

3. Nature of selectivity. To wha t extent is it due to differential
wetting, differential absorp,tion, or physiofogical differences in
reaction.
4. Importance of the physiologic condition of the plant as affected
by growth stage and growing conditions before and after treatment.
5. Effects of external factors such as temperature and humidity.
6. If the herbicide acts through underground parts we must understand the effects of various soil properties and the soil environment including rainfall on absorption, on leaching, and on chemical and biological decomposition·.
A7

WEED KILLERS
CONTACT HERBICIDES are compounds which "burn" off all
above-ground growth simply by destroying the plant cells with which
they come in contact. Except for hardy perennials, the damage to the
plant caused by the contact herbicide is so great that the root dies as
well. Sanophen 20 (pentachlorophenal, technical) and santobrite (sodium pentachlorophemate, technical) are examples of contact weed
killers.
TRANSLOCATED TYPE weed · killers are compounds which are
absorbed by the foliage or roots and are spread throughout the growth.
Translocated type herbicides cause the entire plant, including roots,
to die. 102 2,4-D and 2,4,5-T are examples of the translocated type
of weed killers.

FOUR GENERAL METHODS
Selective, non-selective, pre-emergent and post-emergent are the
four methods of treating weeds. The selection of method depends upon
the type of crop and conditions. No single method can be applied
universally and often a combination of methods is most effective.
SELECTIVE weed killing is the most commonly practiced of the
four methods of weed killing and therefore will be given more comprehensive treatment in this volume.
SELECTIVE HERBICIDES are chemicals that kill weeds but do not
injure crop plants. It is by utilizing some characteristic which is not
shared in common by both weed and plant that selective spraying can
be effective.
GENERAL CONT ACT ~eed killers destroy all kinds of vegetation,
both weeds and crops. Any chemical, if applied in sufficient quantity,
will kill all vegetation.

Some weeds can be treated chemically during the growing · period
of the crop without serious damage to the crop. This is called selective
weed killing. Selective weed killing is possible because of the varying
structure of plants. The principle of selective weed killing should be
carefully understood by those who plan to operate a custom weed
control service.
Selective weed control depends basically on the resistance of certain
crop plants and the susceptability of the undesirable weeds. There are
numerous factors which affect the performance of certain chemicals
and method of treatment. These factors will be discussed individually
later in this book. 103
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Fig. 6.

Courtesy Pennsylvania State College, School of Agriculture

This exhibit was used at the Pennsylvania Station at a weed-control conference to
show those weeds which are easily killed, hard to kill, and are nor killed by
common commercial chemicals.

In all work with selective sprays it should be remembered that
selectivity is relative. For example, 2,4-D at 250 ppm may be used to
kill ribes species in the forest; no harm is done to conifers and many
other brushy species. At 500-750 ppm, 2,4-D will kill mustards out
of flax; and at 1000-2000 ppm it will control fiddleneck in barley
and lilies in rice. At excessive concentrations, 2,4-D will injure any
plant, and in every situation there are definite limit s of concentration
between which it is safe to work. This rule applies to other selective
herbicides as well and in all situations where selective sprays are used
the operator must know and keep within these limits if he is to have
success with the chemicals. Two or . more types are simultaneously
effective in many cases.
·
It is important that the spray operator know the range of selectivity
of his material on both the crops and weeds to be sprayed. Too little
chemical will not kill the weeds. Too much chemical, or wrong application methods, may not only kill the weeds, but also injure the crop.
When the seedlings of certain weeds, such as knotweed attain true
leaves, they are as difficult to wet as are crop plants. It has been found
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impossible to kill such weeds in peas, flax, young alfalfa, and other
broad-leaved crops where selectivity depends upon differential wetting
alone. In such cases, the weeds cari be controlled only by spraying
while they are in the cotyledon .( two-leaf) stage. All plants are more
susceptible to herbicides when in the small seedling stage than when
growth is farther advanced. They are also more susceptible during
warm, moist weather than they are when it is cold and dry.

HOW WEEDS ARE AFFECTED
Broadleafed plants as a rule have a soft porous surf.ace. Such a
surface readily absorbs the chemical liquid droplets which come to
rest on the plant. In contast to the spongy porous surface of the
broard leafed plants is the hard waxey surfaces of many of the grassy
type plants such as the small grains. Many of t he small grains also
have a structure of ridges which run the len gth of the grain. This
type of structure also tends to cause droplets to bounce off the plant.
Fig. 7.
Courtesy of
California Agricultural Extcmion Service.

Some plants, such as cereals,
have waxy leaf surfaces that are
corrugated or formed of very
small ridges. See Fig. 7 (A). Water
solutions can stick t o only a small
portion of these surfaces. When
w ater sprays hit cereal leaves, they
bounce off in droplets or wet the
surface only in small spots.
Broad-leaved plants have
smooth leaf surfaces which are
more easily wet by water sprays.
See Fig. 7 (B). When broad-leaf
weeds, such as wild mustard, radish, or fiddleneck, are sprayed
with water solutions, the spray
tends either to spread as a thin
film or to remain as many small
droplets that wet a fairly large
portion of the leaf surface. 5
Leaves of cereals are narrow,
and stand upright, so that droplets of spray roll off them. Fig. 7
( C). Leaves of weeds are wider,
and grow out horizontally from
the plant stem, so spray spreads
over them and sticks another
example of differential wetting. 5
See Fig. 7 (D).
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The growing points of cereals
are located in the crown of the
plant, below the soil level, and
are protected by surrounding
leaves. Fig. 8 (E). Because of this,
any spray which sticks to cereals
may injure the upper leaves, but
not reach the growing points and
kill the plants. The broad-leaved
weeds, however, have their growing points exposed at t he tips of
the shoots and in the leaf axils.
Fig. 8 (F). These plants are easily
killed b y toxic spr ays. 5
(F)
( E)
Some plant cells tolera t e the toxCunrtesy of
ic action of certain chemicals bet- Fig . 8.
ter than do others. For example, Ca lifo rni a Agricu ltu ra l Extension Service.
2,4-D applied in non-toxic oil or as
dust will kill weeds such as mustards, radish . or fiddleneck, in cereals,
and leave the cereals unharmed. See Fig. 9 (A). T his biochemical
selectivity. Weed sprays having this type of selectivit y may be used
with success in fields where the weeds arc suscep.tible to the toxic
action of the spray while the crop plants are not damaged.
Biochemical selectivity opera,t es in the root sysetms as well as the
foliage of plants. Fig. 9 (B). This makes it possible to kill young seedlings of crabgrass and watergrass in corn and milo by sp r aying 2,4-D
on t he soil just after the crop has b een p lanted. T he w eeds will die,
but the crop r oots will tolera te the chemical.
Some perennial c rops, such as alfalfa, have a dormant period in
w inter. A t tha t time, it is safe to use a general--con t act spray f or
control of annua l weeds. Such a spray used when the alfa lfa is in its

Fig. 9.

Cour tesy California Ag ricul tural Extension Service.
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growing period, however. would injure the crop. It may be used
effectively just after a crop has been cut and removed from the field.
This is particularly true where alfalfa is to be dehydrated, and is
removed immediately after being cut.
When annual weeds grow in deep~rooted crops, they may be killed
by general-contact sprays. The crops, with perennial root systems,
recover. Normally, contact sprays kill grasses. However, some grass
pastures or seed crops are perennials, and will withstand contact
sprays used to kill annual weedy grasses. 5 See Fig. 1 O.

The best time for spraying is when there is plenty of moisture for
weed growth. Annuals are most susceptible when young, while perennials are usually most susceptible just before bloom. ·W eather conditions may influence the date and extent of these suscepible stages
of growth. Thus adequate moisture and high temperatures will induce a lush growth that is susceptible to 2,4-D, while under dry, cool
conditions plants may develop considerable resistance. The sucessful operator must vary the dose to correspond with the condition
of the plant at the time it is possible for him to spray. During rapid
growth minimum amounts of 2, 4-D will be adequate. During almost dormant periods, even the maximum a,mounts may be insufficient.
Formulations also differ in effectiveness under adverse conditions.
Sodium salt, amine salt, and ester may all provide a kill under fa·vorable conditions, but ester is more effective when plants are resistant. 165
Fig. 10.

Courtesy California Agricultural Extension Service.
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Weeds have many characteristics in common, however, they vary
considerably in life span (perennial or annual). crop association,
seasonal development and response to various chemicals. Selecting
the chemical to be ued is determined by:
(a) Whether the weed is annual or perennial.
( b) Whether is is grasslike or broad-leafed.
( c) Ease of wetting a s determined by surface texture.
( d) Physiological tolerance or resistance.
(e ) The crop in which it is growing.
( f ) Growth stage of weed and crop.
(g) Nature and moisture condition of soil.
There are two general classes of folia ge sprays that act upon contact.
These are.
I. Water solutions (for broad-leaved annuals) ( a ) Amonium dinitro-o-sec, (b) Butylphenate, (c) Sodium dinitro-o-cresol, (d) Sodium
pentochlorophenate, (e) Potassium cynonate, (f) Sulfuric acid, (g)
Copper salts, (h) Salt.
2. Petroleum Oils (For annual grasses and broad-leafed weeds).
Those that act systemicly (transloca tion) (for annual and broad-leafs)
(a) 2,4-D, (b) 2,4,5-T, (c) MPCA.

Plants of mustard, radish, fiddleneck, and other weeds have their
growing or meristematic tissues at the tips or in their leaf axils.
These can be hit by spray. In contrast, grass plants grow from
meristems located at or below the soil surface and protected by the
bases of all the lower leaves. To kill grasses you need a spray of low
surface tension such as an oil that will creep and penetrate down
into the crown and kill the meristematic tissues. 208

NON-SELECTIVE METHOD
The non-selective method of weed control provides for killing all
vegetation both the crop and weeds. This method obviously is very
simple and is used only in cases of severe weed infestation where the
objective is to gain maximum control regardless of the extent of dam53
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THE U SE OF C H EM I CALS AS WEED K I L L ERS HAS I NCR E A SED EXPOSIVELY DURING THE PAST TEN YEARS .
T H I S HAS BROUGH T W I TH IT A GROW I NG NEED F OR MORE EXACT K NOW LED GE FOR P ROPER USE O F T H ESE
C H EM I CALS .

S U CH I NFORMAT ION IS ESSEN TI A L TO T HE EFFEC TI VE AN[)sA F E U SE OF THESE CH E M ICA LS

AS WELL AS TO MA I NTENANCE OF APP LI CATI ON EQ UI PMEN T .

PROPER KNOW L EDGE, MOREOVER, MAY

MEAN T HE D I FFERENCE BETWEEN A PROF IT AB L E OPERATION AN D ONE T H AT LOSES MON E Y .

FOR MOST EFFECT I VE USE OF HERB ICIDES. IT IS N E CESSARY T O KNOW NOT ON L Y T HA T CROPS AND
WEEDS MAY BE TREATED WITH THE MA T ERIA L , B U T A L SO A N U MBER OF OTHER T H I NGS.

F OR EXAMPLE.

ONE SHOULD KNOW W HAT FACTORS MAY I NCREASE OR DECREASE TH E EFFECTI VEN E SS OF T HE T REA T MENT, OR IF THE CHEM I CAL REMA I NS AC TI VE I N THE SO I L .

MOR E OVER, IT 15 I MPERAT I VE T O KNOW

WHAT TO EXPECT, BO T H I N THE HAND LI NG AND EFFEC T IVENESS OF THE FORMULATED P RODUCT, BY
S U CH I NFORMA TI ON IT IS O FTE N POS SIB L E T O AVO ID MANY D I FF ICULTI ES.

Selective weed killers are those used in crops t o control the weeds with
as little as possible damage to the crops. Many herbic'ides can be used
both selectively or non-selectively. Such chemicals will be described
under both headings.
• CALCIUM CYANIMID, . a common nitrogen fertilizer, has contact
weedkilling properties. Granular and powdered grades are a v a ilable.
The granula r form, applied to the soil before seeding, has been used
for several yea rs in tobacco seedbeds, Both forms · a re used ext ensively
by asparagus grower for weed killing purposes and as a source of
nitrogen f qt the crop. G ranular cyanamid is applied to the soil when
weed seeds are germinating and is effective for a period of 3 to 5 days,
then is broken down into harmless compounds.
The chemical is a contact herbicide which is effective only when
weeds are small a nd covered with a film of moisture. Heavy dew and
still air, followed by a warm, bright day, are needed for satisfactory
results with this form of cyanamid. Vine killing and defoliation are
other uses for cyanamid. Both forms of cyanamid are heavy, black
substances and somewhat disagreeable to handle. 6 3 & 166
I

I

I

• DINITROS are complicated organic compounds originally used as
yellow dyes. In weak solution, dinitros are good selective weed killers
and may be used to destroy mustards and other weeds in grain, flax,
and peas, and several kinds of weeds in lawns. In strong concentration
or when used to "fortify" petroleum oils, the dinitros are non-selective
and are employed as general weed killers. As selective weed killers
they compete with 2,4-D. As non-selective weed killers they compete
with arsenicals, sodium chlorate, borax, and toxic oils.
The dinitros are poisonous and inflamable under some conditions
but with reasonable care can be used without danger. They impart
an indelible yellow stain to clothing and skin. Unlike 2,4-D which is
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highly damaging to such broadleafed plants as alfalfa, peas, vetch
and other legumes, dinitros can be used with these crops. Sodium
dinitro ortho-cresylates is a, water mixture (slurry) commercialy formulated by Dow Chemical Company and sold as Sinox. Ammonium salt
of dinitro-ortho-secondary-butyl-phenol is sold as Dow Selective and
Sinox W.
The dinitro herbicides are being used to a considerable degree on
peas and flax. The dinitros will do a good job of selective weed control
where conditions are right. However, they are said to require better
conditions than does 2,4-D, and are somewhat more expensive and
require a larger volume of water per acre. These herbicides kill only
on contact and as a result, the treated plants must be completely
wet in order for the dinitros to do the best job. 157
Anether new chemical, dinitro-o-secondary butyl phenol used in
water solution can be a selective spray. This material is very new and
manufacturers directions should be followed carefully. Conditions
should be dry at time of application and for a 12 hour period after
spraying. This same material if dissolved in diesel oil becomes · a contact herbicide. 179 (See sinox described in later paragraphs.)
I

I

I

e IPC:

Developed shortly after 2,4-D, this growth regulator has a
similar but opposite a,c tion -- it kills certain grasses but does not
kill broad-leaved plants. To kill perenial grasses, IPC must be mixed
with the soil, an inconvenient practice. The killing action occurs from
the material being absorbed through the roots. In this respect also
IPC appears to work just opposite to 2,4-D which is absorbed through
the leaves. The ,,thief use of IPC is to kill annual grasses growing in
crops such as clover not sensitive to the substance. Thus far IPC is
reported not a commercial success for perennial grasses.
Quoting from the proceedings (Oregon State Report) of the 1949
Western Weed Control Conference, 225 "A development in 1948 that
has aroused considerable interest was the demonstration of the practical usage of IPC on Ladino clover and certain other crops has made
a substantial economic rate to the farmers employing it. It has enabled
them to maintain their yields and stands for a longer period of time.
It is expected that even more IPC is going to be used in 1949, at its
current high price."
• PCP is the sodium salt derivative of sodium pentachlorophenol.
It is soluable in water and is used for selective spraying of annual
weeds in onions or for pre-emergence treatments in vegetable or other
crops that are sensitive to 2,4-D.

VERIFY ALL DOSAGE RECOMMENDATIONS WITH
LOCAL AUTHORITIES BEFORE USING
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Certain refined oils, such as Shell Weedkiller No. 1 0 and Pentox
No. 1, were developed for use as selective sprays on carrots and
related crops because stove-oil sprays left an unpleasant flavor and
reduced the market value of the crops. These new sprays also have
a greater selectivity and higher toxicity than stove oil, so that the
dosage may be somewhat reduced. (See also discussion of oils in
part 1.)
Another recent development in the use of selective oils has been
the field trials of Shell Weedkiller No.11 for controlling wild oats
in flax. The preliminary tests indicated that the method is effective,
and large-scale trials followed , in the spring of 1948 . These trials
showed that sprayed flax averaged 34.1 bushels per acre, whereas
unsprayed areas averaged 20.3 bushels. Sprayed flax had an average
dockage of 8.1 per cent; unsprayed, of 15.8 per cent. 5

e Oils

serve two purposes in chemical weed control. They act as toxicants (killers) and as carriers. In selective weed oils, the toxicants
(medium-weight unsaturated compounds) should be present at concentrations that kill weeds without killing crops. For carrots, this
concentration may be fairly high (around 25 per cent) . To spray
safely in flax, it should be considerably lower, and for onions, still
lower. The oil should be so light that ·all toxicity is of the acute type.
This means that it should have a gravity above 38° A.P.I. (Shell
Weedkiller No. 10, for example, has ·a gravity of about 43° A.P.I.)
This guarantees that the toxicity is acute. At the same time, such
oils evaporate fast, so that the oil flavor soon leaves the crops.
The nontoxic part of the selective oil acts as a carrier for the toxic
parts. It cannot be replaced by water because the selective toxicants
are oils and will not act in emulsion. Also, the wetting properties
of straight oil are required to kill grasses in the crop. Oil is a better
carrier than water because it has a low surface tension and high
wetting ability. This means that instead of running off the plants as
water does, the oil creeps over them. In doing this, it soaks into
the growing parts. and kills the tissues. This wetting ability is especially important where the oil is to be used on weed growth containing
rank, vigorous grasses. 66
New methods in the processing of petroleum gasolines has produced
even greater toxicity in some of the by products used extensively in
the production of petroleum weed killers. For example, the material
extracted from distilate to improve kerosene was found to be quite
toxic to plants.
Some petroleum weed killers now rank with 2,4-D and the dinitro
compounds. There are 50 or more registered petroleum oil herbicides.
Most of them are non-selective types. Sovsol, Stoddard and Stanasol
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are the names of a few of these oils used as herbicides. The lighter
grades of fuel oils are useful to control grass and annual weeds in
uncultivated areas but have the disadvantage of setting up a condition which is a fire hazard. Oil-sprayed vegetation ignites readily
and such fires are difficult to extinguish.
Naphthas of the Stoddard solvent series, with an aromatic content,
of 5 to 15 per cent, are excellent herbicides. Members of the parsley
family ( carrots, parsnips) are tolerant of these mtaerials, but most
other crop plants and annual weeds are killed by contact with Stoddard solvent. Ragwood and beggar's tick, however, are exceptions
in the annual weed group. Perennial weeds are killed only to the
ground line.
St oddard solvent is an excellent pre-emergence material for use on
small seed ed, or rapidly germinating crops because it has no residuaJ
effect . It may be applied the day before the crop plants emerge, without reducing the stand of desirable plants. The rate of application
for Stoddard solvent depends upon the weed and crop situation where
it is used. When complete coverage of the field is desired, 75 to 100
gallons an acre is generally needed. In some cases, however, the oil is
sprayed in a 4 to 8-inch band directly over the row, and satisfactory
kill can be obtained with 30 to 50 gallons.
Other naphthas and similar compounds have the ability to kill submerged water weeds. Chlorobenzene and xylene, when sprayed as an
emulsion in lakes and irrigation ditches, have given a quick kill of
many types of water weeds. They are, however, toxic to fish and
other small animal life. Livestock will not drink enough oil-treated
water to be harmed and the emulsions soon break down, permitting
the oil to settle to the bottom or eva porate. 63
The toxicity of an oil depends upon (a) the amount of unsa turated
compounds it contains and (b) how volatile it is. Oils, therefore, vary
greatly in their effectiveness. Some kill only weeds and some kill all
plants. Highly refined oils are practically non-toxic and are used only
as carriers for selective insect or weed killers.

e ACUTE TOXICITY is the term applied when rapid burning of the
leaves occurs when the oil contains light unsaturated compounds.
Very light unsaturated compounds such as those from gasoline stock,
cause burning of the leaves. Injury is not complete, however, if the
spray incompletely saturates the plant, because these oils may evaporate before all tissues of the plant are killed.
e CHRONIC TOXICITY is the term used when mJury comes about
more slowly due to the use of heavy unsaturated compounds. These
elements cause chlorosis - a yellowing of the leaves. Heavy unsaturated compounds, such as those in Diesel and other heavy fuels kill
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plants slowly by chronic toxicity. Crop plants as well as weeds are
killed by such oils. {See petroleum oils under insecticides and nonselective weed killers for further information on oil properties.)
•

•

•

• PMA: Several formulations of PMA, an organic mercury, have been
reported as having selective herbicidal properties for certain annual
grasses. The fact that all mercury compounds are poisonous to man
and livestock, and the slight difference in toxicity levels for crab
grass and desireable grasses, as well as the relatively high cost of the
chemical, limit the usefulness of PMA for grass control purposes.
Climatic and soil factors seem to affect the results obtained. Because
of the limited information available, the use of organic mercury
c ompounds must be considered as still in the experimental stages and
no suggestions for . usage can be offered. Shou ld tria ls be made, careful attention to the manufacturer's directions is essential. 63
•

•

•

ePOTASSIUM CYANATE: This new selective h er bicide is sold under
the trade name Aero Cyanate, and h a s been introd uced for· the cont rol of weeds in onions. Originally developed in the east, where t he
d initro compounds were not sufficiently selective for use on onions,
potassium cy anate is replacing sulfuric acid, which has been the
principal spray for onion crops. It is somewhat more selec t ive than
sulfuris a cid, and much less corrosive. The manufa c turer s r ecom m end
using Aero Cyanate at two different concentrations, depend ing upon
the size of the onions. For small w eeds in seedling onions, the recommenda tion is 5 pounds of chemical per acre. For onions 6 inches tall
or over, IO pounds per acre.
In the Imperial Valley, all weeds except chessweed and watergrass
were killed, in young onions and garlic, by potassium cyanate used
at the rate of 12 pounds per acre. Best results followed application
at midday, on young weeds in onions 2 to 3 inches tall. Pressure below
I 00 pounds was better than high pressure. A wetting agent lowered
the selectiv it y of the spray. Garlic was somewhat more talerant than
were onions. {See volume No. 4 for precautions).
I

I

I

e SINOX:

The three formulations of dinitro compounds which are
now known to be on the market are sinox, Dow Selective, and Dow
General. Dow General is non-selective and described later under that
heading. Sinox and Dow Selective are two materials which have been
used for the control of annual weeds in crops which are sensitive to
2,4-D. They are satisfactory for canning peas, field peas, and in
small grain and flax where there are new seedlings of alfalfa or clover.
They are also used in controlling annual weeds of the broad-leafed
type . in . flax and small grain.
Activated Sinox, ac~ording to Crofts, 28 controls such weeds as
mustards, wilt turnip, hedge mustard, fiddle neck, fanweed, penny
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cress, Rus~ian t ~1stle, prickley lettuce, . corn cockle, shephard's purse,
small nettle, nightshade, wild buckwheat, lambsquarter, and hunger
weed ii:i crops of whea,,t;, oat,s, . rye, flax, peas, corn, . onions·, · garlic,
rye grass, fescue. ~8
When using dinitro cot pounds, 1t 1s impera,t ive to follow the -direc,.
tions on the container regarding dilution and dosages. The materials
are used at high rates of water application 80 to 100 gallons pe1
acre (ground rig application). This has been one of the drawbacks
for. use on extremely large areas. Sinox has essentially the same chemical constituents as Dow Selective. 166
.

.

I

I

I

e SULFURIC -ACID (Sulfamic Acid) , (See also , Ammonium Sulfamate): A technical grade of this chemical has been used for weed
c ontrol purposes for many years. Dilute solutions, 2 to 19 per cent by
volume, have selective action on small grains, onions, and certain
coniferous seedlings. Selectivity seems to be based on the waxy nature
of the foliage of these plants which prevents actual contact with the
spray solution. Grasses and a few species of broad-leaved weeds, such
as lamb's quarters, are not killed by this treatment.
The rate of application depends upon the crop being .treated. Dilutions are made from commercial, concentrated sulfuric acid , 66 ° Be
specific gravity 1.84, one gallon of which weighs 15.3 pounds. The
ammonium salt is preferred as a herbicide. It is reported to function as a contact toxicant when applied directly 'to. plants. According
to Fromm, a molar solution will destroy Bermuda grass completely. ,
Sulfamic acid is also useful against poison ivy. 226
I

I

I

e 2,4-D:

One of the most important and spectacular scientific discoveries in the last decade has been the discovery of the selective herbic;idal action of certain derivatives of acetic acid. Discovery of
2,4-D has brought about almost a completely new revolutionary concep~ of weed control. In the short period since 1945 it has become t h e
most widely used chemical weed killer in the United States. Commercial sales in 1948 are estimated at more than 8 million pounds. But
2,4-D can kill crops as well as weeds. An understa nding of this new
substance is essential to effective and safe use.
''.Hi
1

•. :'.'": 1: -·

A group of chemicals was discovered about 193 5 that coulcl--,be1,
used to modify in some ways the growth of plants. At first they wete ,
thought of as plant growth stimulants, and attention was directed ·
toward using them for such purposes as to stimulate the rooting of ,,
cuttings, to inhibit shoot and leaf growth of nursery .plants, . and to
prevent, the cropping of fruits. , It was soon ; found that some plants
were injured and others killed when la.rge quantities were used.
, 2,4-.D is the abbreviation for the closely related chemical compounds
now commonly used for killing weeds . . Originally 2,4-D meant ·one,
5~
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substance known to chemists as 2,4-dichlorophenoxy-acetic acid. The
abbreviation now used designates a number of compounds that are
derived from this acid. As weed killers they are seldom sold in pure
form. They are usually mixed with other chemicals to increase their
solubility, or with a carrier such as oil, and are sold as a powder or
liquid ready to mix with water.
I

• 2,4-D was first used as a plant growth regulator in 1942. It was
extremely potent. Initial tests conducted by scientists of the Department of Agriculture with weeds revealed that 2,4-D could be used
to kill plants selectively it killed some but had very little effect
on others. Intenified research in the Department and elsewhere was
directed toward its early development as a weed killer. Commercial
distribution began in 1945. Today 2,4-D is used extensively to control
weeds on farms and ranches and around homes. Research is being
continued by the Department, by State agricultural experiment stations, and by other organizations. 62

e 2,4-D

IS HIGHLY EFFECTIVE: Most broad-leaved annual weeds
can be killed when actively growing by the use of ¼ to ½ pound
of any formulation of 2,4-D. One minute drop of pure 2,4-D, smaller
than a flyspeck, is enough to a1fect the growth of sensitive plant
seedlings. ln most instances less than 1 pound of the chemical will
control the weeds on an acre of cropland. 62
• HOW 2,4-D WORKS: 2,4-D as a plant stimulant
it speeds up
respiration, digestion of plant foods, and use of reserve food materials.
When is is applied in relatively large quantities, some of the growth
processes may be stimulated to excess and the plant eventuaJly dies.
Death is due at least in part to the loss of reserve foods and to the
activity of organisms that prey upon the weakened plant. Most plants
absorb 2,4-D rapidly. It will penetrate any part of a succulent plant
- roots, stem, leaves, flower, or bud. Once inside, the chemical moves
rapidly. It apparently accumulates most readily in such fast-growing
parts as buds and new roots.
Small quantities of 2,4-D stimulate the growth of new cells in some
parts of the plant, deforming it. The veins of young leaves may become enlarged and flattened, and the leaves develop as long narrow
strips with curled edges. Even a little 2,4-D may cause stems of succulent plants to grow more rapidly on one side than on the other,
giving the plant a bent or wilted appearance and weakening it. Larger
quantities stimulate to a marked degree some of the growth functionst such as respiration and digestion. It causes the plant to use up
reser\re starch. Under warm moist conditions, weakened plants become
susceptible to attacks of soil-borne organisms and these cause the
roots and lower stems to rot away. 2,4-D has no beneficial effect upon
crops except weed elimination, which results in the availability of
greater amounts of soil moisture and fertility for the growing crop.
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e 2,4-D ACTS SLOWLY: 2,4-D usually acts much slower than other
weed killers. It causes twisting, coiling and bending of the stems and
yellowing of the leaves. This evidence is not to be taken as a measure
of the kill. Sometimes there is a good kill without much of t.his
evidence.
The count should be made about six weeks after the treatment. On
annual weeds only those that actually die should be counted. For
perennial plants only the amount of regrowth which occurs the following year is a fair measure of the result of the treatment. The general
statement that 2,4-D is more effective on the broad-leaf plants docs
not mean that it will kill all broad-leaf plants nor that it will not
kill any of the grasses.
Plants with the widest leaves are not always the most sensitive to
2,4-D. All plants carry some resistance but the amount of resistance
varies with the plant and the conditions under which it grows. How
2,4-D kills weeds we do not yet know. The whole plant does not need
to be covered in order to get effective results. 2,4-D acts on the plant
system moving through all or part of the plant. Contrary to earlier
beliefs plants do not grow themselves to death as a result of this
treatment. Any treatment strong enough to kill the weeds will do
some injury to the crop, but, when a treatment destroys the weeds
the crop may benefit enough to give increases in grain yields.
eFORMS IN WHICH 2,4-D IS AVAILABLE: There a,r e various
forms of 2,4-D and each has different characteristics. Several, including the esters and the sodium, morpholine, amine, and ammonium
salts, are commonly used for killing weeds. These salts are soluble
in water and can be sold as a powder, with directions for making a
spray mixture. Salt-type 2,4-D can be applied most readily as liquid
spray. The ester types most commonly used are the butyl and isopropyl esters. They are liquids, mix readily with oil, and are generally
sold as oil emulsions to be diluted with water for spraying.
Although available in three different chemical forms, all three of
the forms have approximately the same weed killing power when based
on the actual 2,4-D acid content.

e 2,4-D FREE

ACID FORM: The free acid form, 2,4-dichlorophenoxyacetic acid (2,4-D) is a light-colored powder, insoluble in water.
For this reason, this form rarely is used under practical conditions.
However, the other forms of 2,4-D usually are expressed in terms
of free acid for purposes of comparison. For example, a label will
state "this formulation contains the equivalent of 3 pounds of free
2,4-D acid per gallon", and the carefull buyer will compare these
equivalent figures in order to determine the most econom~cal formulation to buy. Always read carefully the label on any proprietary
weed killer. 161

e THE

SODIUM SALT - FORM OF 2,4-D: This is one of the cheapest forms of 2,4-D and is satisfactory for species of weeds that are
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easy to kill. It resembles common salt in appearance but is less easily
soluble, especially_in hard water. It usually is not so effective as other
forms on plants with waxy leaves or on most shrubs. Its killing action
is said to be improved by adding wetting agents, · alkalis, or other
substances. The salt washes from leaves readily and may not give
good results if rain falls within 6 hours. It may be used either as a
dust or a spray but the spray is preferred because of the impossibility
of controlling drifting dusts. This salt is less soluble than other forms
of 2,4-D and is not as well adapted to "low-gallonage" applications.

e AMINE FORM OF 2,4-D: Amine forms of 2,4-D are made by treating the pure acid with amines. Several amine salts of 2,4-D are available on the market. They include diethanol and triethanol amine salts,
monoethylamine and triethylamine salts, the triethylammonium salt,
and morpholine salt and certain mixtures design ated by the general
name, alkanolamine salts. They are soluble in water and it is possible
to make concentrated spray from them. This is a decided a dvantage
where low-volume sprayers are used. Being liqu ids, they are not likely
to clog fine spray nozzles, and are popular for these reasons. Like the
sodium salt, the amine salts are not volatile. 161
e USE OF SALTS OF 2,4-D IN HARD WATER: According to Wm.
W. Allen of the American Chemical Paint Company, speaking before
the 6th Annual North Central Weed Conference, "In the h a rd water
areas both th~ Na salt and amine salts will be thrown out as low ~oluble · salts of 2,4-D such as the calcium salt unless a sequestering material is added to keep these salts from forming or keeping them finely
dispersed by a non-ionic surface active agent. In either case the amine
solution will not then clog screens or plug nozzles. Amine solutions
are not as effective on the hard-to-kill perennials and woody plants
as the ester formulations, apparently because the amine-water solution does not penetrate the plant as well as esters of 2,4-D. They also
appear . to be less injurious on crops than the esters." 207
e ESTER FORM OF

2,4-D: Ester forms of 2,4-D ax:e·made by treating
the pure acid with alcohols. The ester forms of 2,4-D are volatile
(new non-volatile forms of 2,4-D are now becoming avaifable), and
their vapors can affect plants at a distance, . even though no spray
has come in contact with them. For this reason, great care always
should be observed in applying any esters of 2,4-D. The esters are
liquids, insoluble in water, but soluble in oils and other organic solvents. Commercial formulations are prepared with emulsifying agents
so that they are miscible with water in all proportions. Thus they .are
adaptable to low-volume spraying and apparently work well in most
types of application ma,chinery.

The esters available commercially include the methyl, ethyl, propyl,
isopropyl, butyl, and amyl. These have similar properties and as far
as is known at present, there is little to choose between them. Con62
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centrations of the ester may vary from 14 to 99 per cent (approximately equivalent to 18 to 80 per cent free acid) in commercial preparations, 161
The advantages of 2,4-D are several. It is the least expensive selective herbicide. which has been developed because very small amounts
are required to kill weeds. 2,4-D is non-poisonous to animals and is
non-inflammable. Normal applications of 2,4-D only temporarily affect
the soil and does not .build up from year to year. Very high rates of
15 pounds or more of parent acid have temporarily delayed the
development of nitrate producing bacteria. 2,4-D applied to the soil
will remain effective for various lengths of .time, but in most cases,
not more than 90 days. Soil moisture, soil temperature, soil type and
amount of organic matter seem to be the factors determining the
period in which 2,4-D will remain dangerous. 157

e 2,4-D SODIUM SALT: Sodium salt may be dissolved directly in
water.
• 2,4-D AMINE: The amines are useable as water solutions. They
have extremely low Vfpot: pressures and therefore can be used more
safely adjacent to su~ceptable crops. They can be used for low volume
application or diluted to high volume sprays.
• 2,4-D ESTER: The esters can be applied as oil-in- water emulsions
or as straight oil concentrates. The formulation is at times more effective on the tough, hardy vegetation and woody bush. The esters can
be used in low volume concentrates. The ester formulation can be
made into highly concentrated sprays requiring fewer landings for
refills. A disadvantage of the ester form of 2,4-D is that smaJl grains
have less resistance to it than either the salts or amines and it therefore must be sprayed at a lower rate than either the salt or amines.

e PRE-EMERGENT

TREATMENT WITH 2,4-D: Pre-emergent treatments are treatments applied after a crop is planted but before it
begins to grow. 2,4-D has been publicized for this purpose, particularly on corn. 2,4-D cannot be used for a pre-emergent spray on
any susceptible crop. Even on crops tolerant of 2,4-D, such as corn,
the dosage must not be excessive. A rate of one pound per acre of
2,4-D is enough. Pre-planting treatments are often made in lieu of
pre-emergent treatments. If susceptible crops are to be planted, the
treatment must be made at least six weeks ahead of planting. Preemergent treating is a new practice. There is still much to be learned
about it. Trials are under way at Oregon State College to get more
information on this subject. 181
CROPS WHICH ARE SUSCEPTABLE TO 2,4-D:
Vetch

Onions

Sweet ·clover

Beets

Peas

Spinich
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Clovers

Squash

Alfalfa

Cucumbers

Fibre flax

Pumpkin

Strawberries

Tomatoes

Cane berries

Cabbage

Orchard trees

Cauliflower

Orn amental shrubs

Flowers

Mint 181

The followin g is a list of weeds which have been effectively controlled by 2,4-D. {This list is published by Montana and applies to
Montana conditions. Results may v ary in other areas.)
Arrowhead lily

Austrian Field cress Beggar ticks

Black medic

Blue lettuce

Bullthistle

Burdock

Bur-weed

Buttercup

Canada fleabane

Canada thistle

Cattail

Chessweed

Chickweed

Chicory

Cocklebur

Creek nettle

Curly dock

Dandelion

Dog fennel ·

Fan weed

Hoary cress

Indian strawberry

Kelp

Klamath weed
{St. John's wort)

Knotweed

Lambsquarters

Milk thistle

Mouse-ear chickweed Mustards
Pennywort

Perennial dogbane

Plantain

Poison hemlock

Prostrate pigweed

Prickly lettuce

Purslane

Red clover

Russian thistle
(young)

Sedge

Rough pigweed
Sheep sorrel

Shepherd's purse

Sow thistle
{annual)

Sow thistle
(perennial)

Spiny clotbur

Spotted spudge

Nettle
Perennial ragweed
Poison oak
Puncture Vine

Sweet clover

Teasel

Star thistle
(rosette)

Tumbling pigweed

Water hemlock

Tules

Water plantain

Water primrose
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Water hyacinth

Wild buckwheat

White horse nettle

Wester ragweed

Wild morning-glory

Wild lettuce

Wild carrot

Willows 225

Wild sunflower

Wild radish

Yellow star thistle

225

This list covers weeds which were found to be difficult to control.
(Montana conditions. Results may vary in other areas.)
Alkali mallow

Annual bluegrass

Baby tears

Bermuda grass

Bia.c k be rry

Bluegrass

Brac ken fern

Button willow

Crabgrass

Foxtail

Goldenrod

Goose grass

Horseta il

Italian ryegrass

Johnson grass

Mayweed

Milkweed

Mullein

Nutgrass

Okalis

Quackgr ass

Ripgut grass

Russian knapweed

Sand bur

Soft chess

Tansy ragwort

Water grass

Wild barley

Wild oats

Y a rrow 225

WHAT DO YOU PAY FOR WHEN YOU ' BUY 2,4-D ? Rega rdless
of the formulation used the active in g r edient is 2,4-D. This is usually
expressed in terms of acid equivalent a n d t he a mount of this is usually
indicated on the . container label in pounds per gallon or percen tage.
(See volume V of this series for information on computing dosages.)
I

I

I

• 2,4,5-T: In general, 2,4,5-T is formulated in the same manner as
2,4-D except tha,t the sodium salt is not used. It is a translocated
type of herbicide. The action of 2,4,5-T is similar to 2,4-D but 2,4,5-T
affects certain species resistant to 2,4-D and appears more effective
particularly on many woody plants, including poison ivy, species of
gooseberry, brambles, m .e squite, osage orange, blackberry, poison oak,
maple and alder. 102
2,4,5-T is usually available in acid and in isopropyl ester forms.
The acid is used in forming soluble amine salts, the isopropyl ester
is used in preparing oil emulsion concentrates. Both compounds have
approximately the same weed killing power when compared pound
for pound on the acid basis. The herbicidal power of 2,4,S-T varies
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with climate, season and type of susceptable vegetation. It is usually
sold as a brush killer and contains one-third 2,4,5-T and two-thirds
2,4-D.

e TCA: The sodium salt of this acid is approximately neutral, but
the am monium salt is acid and corrosive. Read and follow the directions on the label carefully. Both the sodium and the ammonium salts
are being used to control perennial grasses. These materials are effective either as sprays or as soil treatments. Experiments indicate that
a spray treatment which is followed by rains that wash the chemical
into the soil may be the most effective. There is some indication that
after spraying, the chemical is translocated into the undergroud rhizomes of Johnson grass.
On perennials, trichloroacetates are effective at rates of from 20
to l 00 pounds per acre, depending upon the species of grass and the
vigor of its underground root systems. Spray applications at rates
around 5 pounds per acre seem promising for controlling watergrass
in cotton and sugar beets, but tests have not been extensive enough
to warrant a general recommendation at present. 5 The acid itself
is used in oil sprays, often in combination with other oil-soluble
herbicides. The sodium salt is simply dissolved in water for use. TCA
isoprpyl ester is non-corrosive and is miscible with oils. It is used in
oil alone or emulsified with water. 102
Residual toxicity from TCA sometimes disappears in a few weeks
but may persist for one year or lo'nger. Crop susceptibility varies
and extensive studies are needed before overall spray can be suggested.
However, spot treatment is possible where localized crop damage can
be tolerated in order to eliminate perennial grasses. 134

NON-SELECTIVE WEED Kl LLERS
Non-selective weed killers destroy all kinds of vegetation both
weeds and crop plants. There is a wide number of chemicals which
ma y be used as non-selective weed killers. Some common ones are:
sodium chloride, sodium chlorate, sodium arsenate, sodium hydroxide,
sodium borate, and sulfuric acid. Many of these, however, are not
recommended because they are extremely dangerous to both humans
and animals. Some are injurious to soil. Many of these chemicals have
been used to control plant growth along highways, railroad rights of
way and fence lines.
There are three types of general-contact herbicides. Do not confuse
the use of the term contact or general contact as applied to weed
sprays with the use of the same term relating to the insect sprays.
A contact or general contact weed spray is one which kills all vegetation above the ground with which it comes in contact. In other
words, it is non-selective.
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The three types of general-contact herbicides are:
(a) Water-soluble materials, including common salts and corrosive chemicals, sodium chlorate, and salts of the phenol
compounds.
(b) Emulsions, made by combining water and oil. Additional toxic chemicals may be incorporated in either the oil or water
base or both.
( c) Oils, including Diesel fuel, smudge-pot oil, stove oil, kerosene
distillates, low-grade oils, proprietary weed-killer oils, and
oils fortified by addition of phenol compounds or sulfur.

Several new chemicals, the phenol compounds, have been recently
introduced. They are extremely toxic to plants, and are now being
used in place of the dangerous, more common chemicals, for generalcontact sprays. Among them are pentachlorophenol, dinitrocresol, dinitro secondary butyl phenol, dinitro secondary amyl phenol, and their
salts. Most of these compounds are sold under trade names. Their
content in such commercial products is shown on the labels. Examples
of these products are: Contax, Sinox General, and Dow General weed
killers.
Sodium pentachlorophenate or sodium dinitro cresylate may be used
as general contact sprays in many situations if their toxicity is increased by activating them with an acid salt, such as ammonium sulfate,
aluminum sulfate, or sodium bisulfate. These salts, at concentrations
of 1 to 2 percent ( or even less when no grasses are present) will kill
weeds that have been protected from full effects of sun and wind
and, consequently, do not have thick leaf surfaces. Such v.rotected
areas are found, for example, in deep drainage ditches, shady orchards,
and lathouses. Higher concentrations up to 5 per cent may be used
on hardier ·weeds. If grasses are present, a wetting agent should be
included in the spray solution.
The ammonium salt of dinitro secondary phenol is so toxic that
it will kill even grasses in their seedling stages. When used at concentrations of 0.5 per .cent and over, with a good wetting agent, this
herbicide has proved effective in killing mixed weeds on roadsides,
ditchbanks, etc. On state highways in central California, fire strips
sprayed with this material in April could be burned sufficiently within two or three weeks to provide adequate fire protection for adjoining crops and pastures.
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ADV ANT AGES:
1. The salts of the phenol compounds are soluble in water.

2. They are highly toxic; so little chemical is required that

hauling is reduced to a minimum.
3. If used in large quantities, they can he bought at prices
that compare favorably with those of fuel oils.
4. They have no serious poison hazard.
5. They form true solutions and require no agitation once they
are dissolved.
6. They kill certain oil-resistant weeds, such as sweet fennel,
yellow star thistle, mayweed, and pineappl~ weed.
DISADVANTAGES: They are not economical for use on coarse,
vigorous grasses, such as w ild oa ts, foxtail, ripgut, and
t.he like. On these weeds, a n oil spray is necessary, because
it will creep down the grasses and penetrate the crowns,
where a water spray, unless applied in very large amounts,
will run off. 66
All water-soluble herbicides require thorough application. Formulas
for m ixing them will be found on the labels.
I

I

I

e AMMONIUM

THIOCYANATE: Ammonium thiocyanate is extremely toxic to plant life. It is odorless, colorless and readily soluble in
water. Solu tion s of ammonium thiocyanate are corrosive to iron and
other me t als bu t not harmful to the skin. Used at 10 pounds per
square r od ammonium thiocyanate is said to cause soil sterility for
at least 4 mon ths. Thiocyanate is believed not to be toxic to warm
blooded animals. 226
I

I

e AMMONIUM SULFAMATE: This substance, under the trade name
" Amma te", has been sold for several years as a destroyer of poison ivy
a nd poison oak. It originally was used to flame proof fabrics and wood.
When used against poison ivy it is applied in concentrations of 0.75
pounds per gallon of water and higher concentrations for more resistant weeds. For that purpose it is unexcelled. The residue ammonium
sulfamate is reported not to be harmful to humans or animals when
spr.ayed on foliage. More recently, use has been made of it to destroy
sprouts that arise from cut stumps. A freshly cut stump treated with
ammonium sulfamate decays more quickly than untreated stumps and
l produces fewer sprouts. Ammonium sulfamate disintegrates in the
soil and eventually becomes a nitrogenous fertilizer. Brass implements
used to apply ammonium sulfamate corrode badly unless cleaned immediately.
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e AMMA TE, manufactured by the Du Pont Co., is a coarse, granular, yellow substance. It is soluble in water and applied as a spray.
Ammate is a contact, translocated herbicide, non-selective in action,
and is especially effective on many types of woody plants. The chemical is absorbed through the leaves of plants but does not penetrate
the bark of trees. This fact makes it useful in the control of poison ivy,
in and under fruit trees or other valuable plants. Ammate is not poisonous to livestock or other animal life, but is corrosive to metals. 63
Ammonium sulfate should not be used on foliage crops.
I

I

I

e AROMATIC SOLVENT

(Solvent naphtha): In a search for a cheap,
effective means of killing a quatic weeds in irrigation canals, the
Bureau of Reclamation and t he Department of Agriculture found
t hat aromatic solvent naphtha, ai compound widely used as a paint
thinner, could be emulsified a n d sprayed under water at the head
of an irrigation ditch with r esults fatal to many kinds of aquatis
p lants that clog waterway s. Aromatic solvent is made from both
c oal t a r a nd petroleum oil, but the _latter in usually cheaper. Details
as to the u se of this process a re contained in a publication "Controlling Submerged Water W eed~ on Irrigation Systems with Aromatic
Solvents", issued by the Research and Geology Division, Bureau of
Reclamation, Denver, C olorado.
I

• ARSENICALS ( Sodium Arsenite) : Arsenic is as poisonous to plants
as it is to animals, and the soluble forms are power ful w eed killers.
Sodium arsenite and arsenic acid are the forms most commonly used.
Sodium arsenite has long been the principa,l ingredient of commercial
"weed killers" used to treat driveways, tennis courts, brick walks,
gutters, railroad tracks, and similar places. Solutions of arsenic acid
are sold for killing crabgrass in lawns and weak solutions of sodium
arsenite are used for killing chickweed. Ordinarily, however, the
arsenicals are not considered to be selective. Sodium arsenite is, normally, one of the cheapest herbicides. It may be obtained in various
grades on the open market through any dealer in commercial chemicals. 188
This chemical is particularly good in the areas adjacent to buildings
as it is not inflamable and is ever a fire deterrent. Arsenic is toxic to
many cultivated plants and repeated sprayings may sterilize the soil
for some crops, particularly legumes. Many Washington orchardists
who have used arsenical sprays can no longer use legumes for cover
crops in their , orchard_s. Because arsenic is poisonous both to animals
and man it is not generally recommended in farm weed control. 63
I

I

e ATA

I

(Ammonium Trichloracetate): This material,
ly as ammonium trichloracetate, was introduced as
1947. It has proved effective in killing quack grass
perennial weedy grasses. The material is still under
ing should be on an e~perimental basis. 166
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\Quoting from the 1949 Western Weed Conference( Washington
State Report) 225 "The herbicide ATA {ammonium trichloracetate)
and ST A {sodium trichloroaceta te) have been used very successfully
in controlling and eradicating quack grass. These herbicides are new
products placed on the market in 1948. Rates used were 1 pound to
1 ½ pounds per square rod with retreatments applied directly to the
ground.
I

I

I

e BENOCLOR

USED AGAINST AQUATIC PLANTS: Benoclor (14)
is considered by some as the greatest single development in control
of aquatic plants by chemical means. Benoclor is a heavy liquid that
readily disperses in water to form a, milky suspension. When sprayed
through nozzles below the water surface into a flowing stream it
will make the total mass of liquid into a stable milky emulsion. When
it comes into contact with aquatic weed growth, it is absorbed by
the plants and they are injured or killed. By means of a simple powered pump and nozzle system,. irrigation ditches may be treated as the
water flows past a station. Static water in a ditch may be treated by
moving the pump. The pump can be mounted in a boat to treat
aquatic plants in lakes. Water fauna a,r e killed in treated ditches.
By carefully treating narrow strips of vegetation in lakes, injury
to fish can be mini111ized. This , chemical is not considered injurious
to wildlife or stock. ~pplications are made after the growth in spring
and early summer begins to cuf -the flow of ,1:Vater. The action of the
chemical is rapid and normal carrying irapacity of a ditch can be
restored within 24 hours. Exposure to a concentration of 500 ppm
{by weight) for 1 hour kills weeds. Benoclor is being used in eastern
states for controlling aquatic weeds in ponds and along lake shores.
Fig. 11.
Courtesy Bell Aircraft Corporation.
The Bell-47Bl helicopter applies a 2,4-D spray to kill water hyacinth.

\

,\
\ i
I

\·l

'
I

BENZOIC ACID HERBICIDES

BENZOIC ACID HERBICIDES ARE A RELATIVELY NEW AND E X PANDING GROUP OF HERBICIDES OF CONSIDERABLE VALUE.

AMONG THE

MEMBERS OF THIS GROUP ARE 2,3,6-TBA OR TRICHLOROBENZOIC
ACID,

POLYCHLOROBENZOIC ACID, DICAMBA AND SEVERAL EXPERl-

"v1ENTAL CHEMICALS THAT PROBABLY WILL BE DEVELOPED IN THE
NEAR FUTURE.

THE BENZOIC ACID HERBICIDES CONTROL A SPEC-

TRUM OF PLANTS NOT CONTROLLED BY SOME OF THE PRESENTLY
AVAILABLE HERB IC IDES.

TBA

FOR EXAMPLE HAS GIVEN GOOD CON- ·

TROL OF MANY DEEP PERENNIAL WEEDS SUCH AS MORNING GLORY
WHEN APPLIED A T H E A VY RATES OF APPLICATION.

THE BENZOIC ACIDS IN THE PARENT STATE ARE A GROUP OF
CRYSTALLINE, SHARP MELTING ACIDS.

THEIR SOLUBILITY RANGES

FRO M A FEW HUNDRED PARTS PER MILLION UP TO NEAR LY
SAND P A RTS PER MIL LIO N IN THE CASE OF

TBA.

HAVE R E LATIVELY L OW MAMALIAN TOXICITY•
OF T HES E C H E M ICAL S

8

THOU-

MOST OF THEM

THE PERSISTENCE

IN S OIL RANGE FROM INTERMEDIATE TO BEING

A FAIRLY P E RSI STENT AS CO M PARED TO PRODUCTS SUCH AS 2,4-D ,

AMIBEN.

AMIBEN OR 2,5-DICHLOROBENZOIC ACID I S A HERBI-

CIDE THAT ENJOYS SOME SELECTIVE USE ON A NUMBER OF VEGETA BLE CROPS AND SOY BEANS.

DICAMBA.

DICAMBA AND ITS RELATIVE THE TRICHLOROMETHOX-

YBENZOIC ACID ARE KNOWN COMMERCIALLY AS BANVEL
BANVEL

T•

D

AND

DICAMBA HAS PROVEN HIGHLY EFFECT I VE FOR THE

CONTROL OF CERTAIN 2,4-D RESISTANT PLANTS SUCH AS SHEEP
SORREL, COW COCKLE, CORN COCKLE AND CERTAIN OTHERS,

IT

IS

SUFFICIENTLY SELECTIVE THAT IT MAY BE USED ON GRASSES _I NCLUDING WHEAT AT LOW RATES OF APPLICATION•

2, 3, 6-TBA, AND THE RELATED POLYCHLOROBENZOIC ACID HAVE
PROVEN USEFUL FOR THE CONTROL OF HARD-TO-KILL PERENNIAL
WEEDS.

THESE CHEMICALS APPLIED AT 10 TO 30 POUNDS PER

ACRE GIVE CONTROL OF DEEP ROOTED PERENNIAL WEEDS SUCH AS
MORNING GLORY, OTHER BROAD LEAFED WEEDS AND CERTAIN OTHE R
GRASSES,
CIPAL

TBA IS QUITE PERSISTENT IN SOIL, ONE OF ITS PRIN-

ROUTES OF LOSS BEING BY LEACHING.

ON OCCASION,

PAR -

TICULARLY IN AREAS OF LOW RAINFALL THE CHEMICAL MAY CARRY
OVER INTO THE SECOND CROP YEAR,
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DICHLOBENIL
0

ICHLOBENIL IS THE COMMON DESIGNATION FOR

2,

6-DICHLOR -

OBENZON ITRILE WHICH IS KNOWN COMMERCIALLY AS CASORON.
THIS PRODUCT IS CHEMICALLY RELATED TO BENZOIC ACIDS AND
PROBABLY DOES GIVE RISE TO 2,6-DICHLOROBENZOIC ACID UPON
HYDROLYSIS.

THIS IS A CREAM SOLID MELTING AT ABOUT 1400C

WITH A WATER SOLUBILITY OF ABOUT

5

PARTS PER MILLION.

BUT

WH E N INCORPORATED INTO THE SOIL THE PRODUCT IS FAIRLY PERS I STENT LASTING FOR SEVERAL WEEKS TO A FEW MONTHS AFTER
THE INCORPORATION.

THE CHEMICAL DOES HAVE SOME VOLATILI-

TY AND WHEN APPLIED TO THE SURFACE OF A
BE LOS T IN APPRECIABLE QUANTITIES.

MOIST SOIL IT MAY

THIS PRODUCT IS QUITE

ACTIVE AGAINST A NUMBER OF PLANTS AND IS BE ING DEVELOPED
AS A SELECTIVE HERBICIDE FOR CERTAIN CROPS.

DCPA (DACTHAL)

DACTHAL IS A WHITE CRYSTALLINE PRODUCT MEL TING AT ABOUT 1600 C.

IT HAS A VERY LIMITED SOLUBILITY IN WATER

BEING SOLUBLE TO THE EXTENT OF ABOUT

5

PARTS PER MILLION.

DACTHAL IS A DIMETHYL ESTER OF TETRACHLOROL TERPHTHALIC
ACID AND AS SUCH HAS MANY OF THE PROPERTIES OF ESTERS.
FOR EXAMPLE, ALTHOUGH THIS COMPOUND HAS A HIGH MELTING
POINT IT DOES SHOW SOME VOLATILITY, PARTICULARLY WITH
STEAM OR WATER VAPOR•

DACTHAL IS READILY BOUND BY SOILS AND THIS COUPLED WITH
ITS LOW SOLUBILITY MAKES FOR VERY LIMITED LEACHING UNDER
NORMAL RAINFALL CONDIT IONS.

OACTHAL OR DCPA IS MORE AC-

TIVE ON LIGHT SANDY SOILS AND HEAVY SOILS HIGH IN ORGAN IC
MATTER.

THIS CHEMICAL IS- PRESENTLY USED ON A WIDE VARIETY OF
CROPS AS A PRE-EMERGENCE HERBICIDE.

IT IS USED ON MANY

VEGETABLE CROPS INCLUDING THOSE OF THE CABBAGE FAMILY
AND SHOWS SOME PROMISE OF CONTROL OF DODDER IN ALFALFA.

DIQUAT
DIQUAT IS A HIGHLY WATER SOLUBLE ORGANIC COMPOUND
THAT IS FINDING USE AS A CONTACT SEEDLING WEED KILLER FOR
CROP DESICCATION.

THIS COMPOUND IS A REPRESENTATIVE ·oF

THE CLASS OF CHEMICALS KNOWN AS QUATERNARY AMMONIUM
COMPOUNDS•

DIQUAT IS HIGHLY ACTIVE AS A FOLIAR APPLICATION

72

BUT IS PROMPTLY INACTIVATED BY SOIL.

THIS COMPOUND IS

THOUGHT TO ACT BY INTERFERRING WITH KEY OXIDATION REDUCTION REACTIONS THAT GO ON IN THE PLANT•

IN ADDITION TO BEING USED AS A CONTACT WEED KILLER,
DIQUAT APPEARS VERY PROMISING FOR CONTROL OF MANY AQUATIC
PLANTS.

• DINlTRO: Although used extensively as selective weed killer
in strong concentrations, dinitros may be used as a general weed killer
for example, "Dow General"is used for quick temporary elimination
of grassy and broad-leafed weed growth along highways, railroads
and fence rows. A "Chemical mowing" effect is produced, but the
roots of perennial grasses are not killed, even though the tops are
killed down to the groud line. Sinox "W" is in the same category. 166
The dinitro herbicides labeled as generals are contact herbicides
which, when mixed with a fuel oil will kill all vegetation. There is
considerable use for this type of a herbicide where it is desired to
control all top growth. Directions for use are on the labels and should
be followed with care. When contact herbicides are used it should be
remembered that the effect on perennial roots is essentially the same
as that accomplished by one mowing or tillage operation. 157
I

I

e PCP

I

is a popular wood preservative. It is used as a fortifying agent
to increase the toxicity of oil sprays when used for non-selective weeding. It is soluble In certain oils. It is not soluble in water, therefore,
must be used as an oil spray or emulsion. Pentochlorophenol is used
primarily as a contact type weed killer.
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BORON COMPOUNDS
THERE ARE A NUMBER OF DIFFERENT COMPOUNDS OF BORON
USED AS· HERBICIDES • . THESE MATERIALS ARE SALTS OF BORON
SUCH AS CALCIUM BORATE, SOLDIUM TETRABORATE, OR SODIUM
METABORATE.

THE BORATE SALTS, COMMONLY USED AS HERBI-

CIDES, VARY ALL THE WAY FROM BEING EXTREMELY INSOLUBLE
TO FAIRLY SOLUBLE IN WATER.

ALL OF THESE MATERIALS HAVE

FIRE RETARDENT PROPERTIES•

WHEN APPLIED TO THE SOIL BORON COMPOUNDS ARE LOST
SLOWLY THROUGH LEACHING.
PLANTS,

THEY ACT SLOWLY IN KILLING THE

BUT THE METHOD BY WHICH. THEY KILL 15 NOT KNOWN•

BORON COMPOUNDS HAVE ONLY A SLIGHT TOXiCITY TOWARD
ANIMALS BUT THEY SHOULD NOT BE USED CARELESSLY•

COMPOUNDS CONTAINING BORON ARE WIDELY USED AS SOIL
STERILANTS.

THE MOST WIDESPREAD USE AT THE PRESENT T IME

15 IN COMBINATION WITH SODIUM CHLORATE. FOR USE AROUND INDUSTRIAL 5 ITES, ALONG ROADWAYS, AND OTHER PLACES WHERE .
THE ELIMINATION OF ALL VEGETATION FOR A YEAR OR MORE 15
DESIRABLE•

THE USE OF BORON 15 WIDESPREAD AS A MEANS OF

REDUCING THE . FIRE HAZARD THAT IS INHERENT IN SODIUM CHLORATE•

THERE ARE SEVERAL MIXTURES OF BORON AND SODIUM

CHLO RATE ON THE MARKET IN WHICH THE PERCENTAGE OF THE TWO
COMPOUNDS VARIES IN RELATION TO EACH OTHER•
ON COMBINED WITH

2,4-D

RECENTLY BOR-

AND OTHER ORGANIC HERBICIDES HAS

BEEN PLACED ON THE MARKET FOR SPOT TREATMENT TO CONTROL
DEEP-ROOTED PERENNIAL PLANTS.

CARBAMA TE

HERBICIDES.

THE CARBAMATE HERBICIDES ARE A CLASS OF HERBICIDES
SHOWING VARYING PROPERTIES•

THEY MAY RANGE FROM WAXY

SOLIDS TO LIQUIDS DEPENDING ON THE NATURE OF THE CHEMICAL
A ND ITS PURITY•

THE CARBAMATE HERBICIDES ARE USUALLY

SLIGHTLY SOLUBLE IN WATER, SELDOM ABOVE
MILLION•

200

PARTS PER

THESE CHEMICALS ARE ESTERS AND AS SUCH HAVE THE

USUAL ESTER CHARACTERISTIC BEING SOMEWHAT OILY OR WAXY
IN NATURE AND POSSESS A REASONABLE VOLATILITY•

ALSO BY

VIRTUE OF THEIR CHEMICAL MAKEUP. THESE COMPOUNDS SELDOM
HAVE A LONG RESIDUAL LIFE IN SOIL.

AMONG THE BETTER KNOWN MEMBERS OF TH 15 CLASS OF HERB-
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ICIDES ARE

[PC

AND

CIPC.

IN RECENT YEARS HOWEVER, A

NUMBER OF OTHER CARBAMATES HAVE BEEN INTRODUCED AND ARE
FINDING USE AS WEED KILLERS•

AMONG THEM ARE THE CARBA-

MATES KNOWN AS BARBAN WHICH 15 ONE OF THE FEW CARBAMATES
THAT HAS FOLIAR ACTIVITY,

B[PC AND ONE OR TWO OTHER SOIL

ACTIVE CARBAMATES •

[PC, CIPC

AND OTHER CARBAMATES DEPEND FOR THEIR

EFFECT IV ENESS UPON THE 1R RESIDUAL LIFE IN THE SOIL• BREAK DOWN OF THESE CHEMICALS B Y MICROORGANISMS IN THE SOIL,
LEACHING BY WATER, AND VAPORIZATION ALL CONTRIBUTE TO THE
LOSS OF THE CH E MI C AL FROM THE SOIL.
RES I DUAL EFF EC T ,

CIPC

HAS THE LONGEST

B UT IT ALSO A PPEARS TO BE ONE OF THE LESS

SELE C TI VE CARBAM A T ES.

T HE CARBAMATES KILL PLANT S BY INTERFERING WITH CERTAIN
K E Y P ROCESSES ESSENTIAL TO T H E LIFE OF THE PLANT AND BY
INHIB !TING THE GROW T H A ND DE VE LOPME N T OF THE PLANT. THESE
C H EMICALS ARE NOT VERY RE A DILY AB SORBED O R T RAN SLOCATED
BY MOST PLANTS SO THAT C ERTAIN TYPES OF APPLICATION AND
FORMULATION AR E NECESSARY TO ACH I EVE GREATEST EFFECTIVENESS WITH THE MAT ERIALS .

THE CARBAMATES MAY B E FO RMU L ATED AS PELLETS, WET TA BLE POW D ERS ,

O R E M UL S IFIABLE CONCENT R A T ES .

T H E W ETTABLE

P OWDER FORMU LA T I ON WAS ONE OF THE E A RLY ONES THAT WAS
USED.

S I N CE I T

C E NTRAT ES ,

15 MORE CONVENIENT TO USE EMULSIFIABLE CON -

CO NS IDERABLE ATTENTION HAS B EEN DEVOTED TO DE-

VELO PMEN T OF SUI TABLE EM U L SIFIABLE CONCENTRATES OF
AN D

CIPC.

T H E E M UL S I FIABLE CONCENTRATES OF

THE MOS T PAR T GIVE NO T R O UB L E IN USE•
CONCE NT RA TES OF
P A RTI CU L A RLY

!PC,

HOWEV E R ,

CIPC,

!PC
FOR

THE EMULS IF IABLE

FREQUENTLY GIVE T R OUBLE,

IN WA TE R- OIL M I X ES.

THE DIFFICULTY HERE 15

THAT THE IPC FO R MS VE RY FINE CRYSTAL S WHICH TEND TO PLUG
THE S P R A Y RI G .

F R EQUENTLY, THIS DIFFICULTY ARISES FROM

ATTEMPTIN G TO G E T TOO M UCH

!PC

IN THE ORIGINAL CONCENTRATE .

THESE CONCENTRATES ARE BEING IMPROVED ALL THE TIME SO
THAT IT NOW 15 POSSIBLE TO G ET CONCENTRATES WHICH CAUSE
NO DIFF !CUL T Y IN S P RAYING .

THE CARBA MATES ARE NOT CONSIDERED HIGHLY TOXIC BUT
SHOULD BE HANDL E D WITH C ARE.

!PC 15 USED TO KILL WEEDY A NNUAL GRASSES IN CERTAIN
PERENNIAL CROPS SUCH AS CHEWING S FESCUE AND CREEPING RED
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FESCUE.

IT CAN BE USED FOR THIS PURPOSE ON MANY OF THE

GRASS SEED CROPS•

IT IS NORMALLY APPLIED IN THE FALL, USU-

ALLY DURING OCTOBER, FOR THIS PURPOSE.

IT IS ALSO USED TO

CONTROL WEEDY GRASSES IN CERTAIN LEGUME CROPS SUCH AS ALFALFA, CLOVER AND LOTUS.

IT IS USED IN THE AREAS PRODUCING PEAS TO CONTROL WILD
OATS•

IN THE DRY AREAS SUCH AS THE COLUMBIA BAS IN IT IS

NORMALLY APPLIED AND DISCED INTO THE SOIL PRIOR TO THE
PLANTING OF PEAS•

IPC

IS USED TO CONTROL CHICKWEED AND

ANNUAL GRASSES AS DORMANT APPLICATIONS IN STRAWBERRIES
AND CANE BERRIES.

PRE-EMERGENCE TREATMENTS OF

IPC

IN

COMBINATION WITH THE DINITRO COMPOUNDS CONTROL MANY
WEEDS IN THE BULB CROPS SUCH AS CROFT LILY•

CIPC HAS BEEN USED FOR MANY OF THE SAME PURPOSES AS IPC
BUT IT LASTS LONGER IN THE SOIL AND IS GENERALLY EFFECTIVE
ON A WIDER RANGE OF GRASS AND BROAD-LEAVED SPECIES.

IT IS

EFFECTIVE AGAINST MOST GERMINATING GRASSES AND MANY BROAD
LEAVES.
CROPS•

ITS MOST WIDESPREAD USE HAS BEEN ON GRASS SEED
IT IS APPLIED IN THE EARLY FALL.

IT MAY ALSO BE

USED ON SOME OF THE PERENNIAL LEGUME CROPS, SUCH AS RED
CLOVER, ALFALFA AND LOTUS, MUCH THE SAME WAY AS IPC. IT
IS NOT USED ON STRAWBERRIES OR PEAS DUE TO INJURY TO THESE
CROPS.

CANEBERRIES AND BULB CROPS, HOWEVER, SEEM TO BE

TOLERANT TO

CIPC.

BARBAN IS UNUSUAL AMONG THE CARBAMATES BECAUSE OF ITS
ACTIVITY IN FOLIAR APPLICATION.

THIS CHEMICAL HAS PROVEN

TO BE PARTICULARLY EFFECTIVE AGAINST WILD OATS.

FORTUN-

ATELY CERTAIN OF THE CEREALS ARE TOLERANT OF THE CHEMICAL
IF APPLIED AT THE RIGHT TIME•

BARBAN IS USED THEN AT LOW

RATES OF APPLICATION FOR SELECTIVE CONTROL OF WILD OATS
IN CEREALS•

THIOLCARBAMATES
THE THIOLCARBAMATES ARE CARBAMATES THAT HAVE HAD
SULFUR INTRODUCED IN PLACE OF ONE OF THE OXYGEN ATOMS OF
THE CARBAMATE SERIES.

THE THIOLCARBAMATES THAT ARE PER-

HAPS MOST FAMILIAR TO THE READERS ARE

• ATC

EPTC

(EPTAM) AND

(AVADEX) WHICH ARE ALKYL-SUBSTITUTED THIOLCARBA-

MATES.

THESE COMPOUNDS DIFFER FROM SUCH CARBAMATES AS

IPC

CIPC

AND

NOT ONLY IN HAVING SULFUR IN THE MOLECULE

BUT WHERE IPC HAS A BENZENE RING, EPTC HAS STRAIGHT CHAIN
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ALKYL.

OTHER MEMBERS OF THE THIOLCARBAMATE SERIES IN-

CLUDE TILLAM AND AVADEX
CHLORINE ATOM THEN

BW

WHICH CONTAINS ONE MORE

DATC.

THE TH IOLCARBAMATES FOR THE MOST PART ARE VERY LOW
MELTING SOLIDS OR LIQUIDS AT ROOM TEMPERATURE.

THEY HAVE

A LOW SOLUBILITY IN WATER AND TEND TO BE QUITE VOLATILE.
FOR THIS REASON BEST RESULTS ARE OBTAINED WITH THESE MATERIALS BY INCORPORATING THEM INTO THE SOIL.

EPTC

AND RELATED COMPOUNDS FIND WIDE USE FOR PRE-

PLANTING WEED CONTROL FOR WIDE VARIETY OF CROPS.

IN ADDI-

TION, EPTC HAS BEEN FOUND EFFECTIVE FOR THE CONTROL OF
CERTAIN PERENNIAL WEEDS SUCH AS NUTGRASS WHEN USED AT
SUFFICIENTLY HIGH RATES.

DATC (AVADEX) OR AVADEX BW ARE EFFECTIVE FOR THE
CONTROL OF WILD OATS.

PROPER USE PERMITS THEM TO BE EM-

PLOYED AS A SELECTIVE TREATMENT ON SEVERAL CROPS INCLUDING
CERTAIN OF THE CEREALS•

UREA HERBICIDES

MONURON,

(3(3, 4

(3(3

CHLOROPHENYL)

DICHLOROPHENYL) I ; I

I;I

DiMETHYL UREA) AND

DIMETHYL UREA)•

THIS MATERIAL

IS A WHITE CRYSTALLINE POWDER WITH AN EXTREMELY LOW SOLUBILITY IN WATER•

THE PRODUCT IS SO INSOLUBLE IN MOST

SOLVENTS THAT IT 15 MOST EASILY FORMULATED AS PELLETS OR
WETTABLE POWDERS.

ATTEMPTS HAVE BEEN MADE TO PREPARE

SUSPENSIONS AND PASTES OF THIS MATERIAL, BUT THESE HAVE
HAD NO MORE SUCCESS THAN THE WETTABLE POWDERS•

MONURON IS SLOWLY DESTROYED BY MICRO-ORGANISMS AND
IS LOST FROM THE SOIL ONLY SLOWLY BY LEACHING AND BY VOLATILIZATION.

THERE APPEARS TO BE SOME INDICATION THAT AT

HIGH TEMPERATURES MONURON WILL STEAM-DISTALL OR VOLATILIZE FROM THE SURFACE OF THE SOIL,

THIS PRODUCT 15 QUITE

LONG LASTING IN THE SOIL BUT THE LENGTH OF TIME A TREATMENT WILL LAST DEPENDS UPON THE TYPE OF SOIL, THE AMOUNT
OF RAINFALL AND THE TEMPERATURE.

MONURON HAS A LONGER

RESIDUAL LIFE IN HEAVIER SOIL BUT IS LESS EFFECTIVE INITIALLY THAN IN A LIGHT SANDY SOIL,

HIGH RAINFALL TENDS TO

SHORTEN THE RESIDUAL LIFE, AS DOES HIGH TEMPERATURE,
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MONURON AND OTHER UREA HERBICIDES ARE ABSORBED OR
"TIED UP" BY THE SOIL,

IT IS CLAY (COLLOID) FRACTION AND

ORGANIC MATTER OF THE SOIL THAT DOES THIS,

THIS ''TYING

UP" OF THE MONURON APPEARS TO REDUCE ITS EFFECTIVENESS
DEPENDING ON HOW TIGHTLY IT IS BOUND,

AS A SOIL GETS HEAV-

IER (HIGHER IN CLAY) AND PARTICULARLY AS THE ORGANIC MATTER
INCREASES, THE EFFECTIVENESS OF THE UREA HERBICIDES DECREASES,

THE PRESENCE OF LARGE QUANTITIES OF CHARCOAL,

PARTIALLY DECOMPOSED SAWDUST OR CROP RESIDUES MAY RENDER
A TREATMENT NEARLY INEFFECTIVE,

MONURON IS TRANSLOCATED IN THE PLANT EITHER FROM THE
ROOTS TO THE TOP OR FROM THE LEAVES INTO THE PLANT,

THE

ACTION OF THE CHEMICAL IS SLOW WITH NO VISIBLE SYMPTOMS
APPEARING FOR A NUMBER OF DAYS AFTER APPLICATION,
TRAST TO 2,4-0,
THE PLANT•

IN CON-

MONURON IS ONLY SLOWLY BROKEN DOWN BY

THE EXACT PLANT PROCESSES THAT ARE DISTURBED

B Y MONURON ARE NOT DEFINITELY KNOWN,

IT IS SAFE TO SAY,

HOWEVER, THAT THIS CHEMICAL EXERTS A SYSTEMIC ACTION ON
THE PLANT AS CONTRASTED TO QUICK ACTING CONTACT KILLERS
SUCH AS OILS.

MONURON HAS A LOW ANIMAL TOX I CITY, BEING EVEN LESS
TOXIC THAN 2, 4-0 •

TH I S MATERIAL HAS BEEN MOST WIDELY USED AS A SOIL
STER ILANT,

PARTICULARLY FOR THE CONTROL OF GRASSES•

IT

IS USED TO GIVE A YEAR OR MORE CONTROL OF MOST PERENNIAL
AND ANNUAL GRASSES.

IT IS EFFECT IVE AGAINST MOST ANNUAL

BROADLEAF SPECIES AND WILL CONTROL MANY PERENNIAL BROADLEAF SPECIES,

IT DOES NOT GIVE COMPLETE CONTROL OF DEEP

ROOTED PERENNIAL BROADLEAF SPECIES SO IT IS USED IN COMBINATION WITH 2, 4-D.

Low RATES OF MONURON HAVE BEEN

USED SUCCESSFULLY FOR ANNUAL WEED CONTROL IN ASPARAGUS
AND SOME BULB CROPS.

DIURON,

DIURON IS VERY CLOSELY RELATED TO MONURON,

THIS MATERIAL IS EVEN LESS SOLUBLE IN WATER THAN MONURON,
AND HAS A LONGER RESIDUAL LIFE IN THE SOIL,

LIKE MONURON THIS MATERIAL IS BROKEN DOWN BY MICROORGANISMS IN THE SOIL AND MAY BE LOST BY LEACHING,

THE

LOW WATER SOLUBILITY AND SLOW LEACHING CONTRIBUTE IN PART
TO THE GREATER SELECTIVITY OF DIURON WHEN USED AT LOW
DOSAGES,
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THE UREA HERB IC IDES ARE FINDING CONSIDERABLE USE AS
SELECTIVE AND PRE-EMERGENT HERBICIDES FOR CERTAIN CROPS
AT LOW DOSAGES.

SINCE THE MATERIALS ARE RELATIVELY LONG

LASTING AS STERILANTS,

IT I S NATURAL THAT SOME CONCERN

MIGHT BE FELT ABOUT BUILDING UP A TOXIC RESIDUE IN THE SOIL
UPON PROLONGED USE OF THE MATERIAL.

AT THE PRESENT TIME

IT APPEARS THAT THE MICRO-ORGANISMS OF THE SOIL ARE CAPABLE OF DESTROYING SUFFICIENT AMOUNTS OF THE MATERIAL THAT
THIS SHOULD NOT BE TOO MUCH OF A PROBLEM.

BECAUSE THIS MATERIAL IS LESS SOLUBLE,

IT HAS BEEN

USED AS A SOIL STERILANT IN AREAS WHERE THERE IS HIGH RAINFALL.
RON.

IT GIVES THE SAME TYPE OF STERILANT ACTION AS MONUIT WILL LAST LONGER UNDER HIGH RAINFALL CONDITIONS,

PARTICULARLY ON LIGHT SOIL TYPES.
WITH

IT ALSO IS NORMALLY USED

2,4-D.

Low RATES OF K A RMEX

DW

ARE BEING USED TO CONTROL

W EEDY ANNUAL G RASSES AND BROAD-LEAVED WEEDS IN PERENNIAL
G RA SS SEED C ROPS SUCH A S ALTA FESCUE, RED FESCUE,
BLUE GRASS, A ND BENTGRASS.

MERION

IT IS ALSO USED ON BENTGRASS

A ND 5 I M ILA R GRASS SEED CROPS TO CONTROL VELVET GRASS
(MESQ UI TE) •

IT SHOWS PROMISE FOR SELECTIVE USE O N A NUM-

BER O F PE R ENNIAL CROPS SUCH A S CANEBERRIES A ND A SPARAGUS.
PRE-EMERGENCE AND POST-EMERGENCE APPLICAT I ONS TO SOME
BULBS ' ALSO APPEAR PROM IS ING•

FENURON.

FENURON IS ONE OF THE MOST SOLUBLE OF THE

UREAS AND 15 THEREFORE HIGHLY ACTIVE ON A WIDE RANGE OF
SOIL TYPES•

FENURON HAS PROVEN PARTICULARLY USEFUL IN

CERT A IN INSTANCES FOR CONTROL OF BRUSHY PLANTS.

FE NU RON

DOES NOT HAVE T HE SOIL PERS I STENCE OF EITHER MONURON OR
DIURON.

LINURON.

LINURON H AS SHOWN SOME VERY PROMISING

USES FOR PRE-EMERGENCE WEED CONTROL IN CROPS AND AS AN
AGENT FOR WEED CONTROL IN CORN•

AT HIGHER RATES IT HAS

ALSO PROVEN USEFUL FOR CONTROL OF CERT A IN GRASSY WEEDS.

OTHER UREAS.

A

NUMBER OF OTHER UREA HERBICIDES

ARE BEING DEVELOPED FOR A WIDE VARIETY OF CROP USE AND
SPECIFIC CONTROL OF SPECIFIC WEEDS.

NEBURON, FOR EXAMPLE

HAS FOUND USE FOR WEED CONTROL IN ORNAMENTAL PLANTINGS
AND CERTAIN OF THE OTHER UREAS (E-G-CYCLURON, TENURON)
HAVE SHOWN INDICATION OF CONSIDERABLE USEFULNESS FOR CON-
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TROL OF WEEDS IN CERTAIN CROPS,

ENDOTHAL (DISODIUM

3, 6

ENDOXY HEXAHYDROPHTHALATE)

ENDOTHAL IS A WATER-SOLUBLE CONTACT SPRAY,

IN THE

PURE STATE, ENDOTHAL IS A WHITE CRYSTALLINE POWDER, BUT
IN THE MANUFACTURING PROCESS IT IS DIFFICULT TO SEPARATE
TH IS MATERIAL FROM WATER,

THE FORMULATED PRODUCT IS

PUT OUT AS A LIQUID FORMULATION OR A SPRAY-DRY POWDER
CONTAING

40

ACTIVATOR,

% ACTIVE

INGREDIENT PLUS WETTING AGENT AND

ENDOTHAL BREAKS DOWN VERY RAPIDLY IN THE SOIL

AND ITS EFFECTIVENESS MAY BE SEVERELY LIMITED BY RAINFALL.

ENDOTHAL SHOULD BE HANDLED CAREFULLY TO AVOID EXPOSURE TO THE CHEMICAL,

ENDOTHAL IS USED AS A PRE-HARVEST CONTACT SPRAY ON
ALFALFA AND CRIMSON CLOVER,

IT HAS NOT GAINED WIDESPREAD

USE,

MALEIC HYDRAZIDE (MH)

MALEIC HYDRAZIDE IS A WHITE CRYSTALLINE MATERIAL
WITH SOMEWHAT ACIDIC PROPERTIES,

THE PRODUCT READILY

FORMS SALTS WITH DIETHANOLAMINE OR FORMS A SODIUM SALT
WITH SODIUM HYDROXIDE OR LYE,

THE DIETHANOLAMINE SALT

OF MALEIC HYDRAZIDE IS USUALLY OFFERED AS A LIQUID FORMULATION, WHEREAS THE SODIUM SALT IS AVAILABLE AS A WHITE
WATER-SOLUBLE POWDER,

MALEIC HYDRAZIDE, WHILE SOMEWHAT PHYTOTOXIC, APPEARS
MOST EFFECTIVE AS A GROWTH INHIBITOR AND ANTI-AUXIN,
IS ABSORBED BY THE PLANT LEAF AND TRANSLOCATED,

IT

IT SEV-

ERELY STUNTS OR INHIBITS GROWING TIPS AND SHOOTS AND CONSEQUENTLY HAS BEEN USED FREQUENTLY AS A SPROUT INHIBITOR
ON POTATOES,

MALEIC HYDRAZIDE IS NOT COMPATIBLE WITH

COPPER, CALCIUM, MAGNESIUM, AND OTHER METALS,

MALEIC HYDRAZIDE APPEARS TO HAVE A REASONABLE MARGIN OF SAFETY SO FAR AS ITS TOXICITY IS CONCERNED, BUT
UNTIL MORE IS KNOWN ABOUT IT,

IT SHOULD BE HANDLED WITH

SOME CAUTION,

THIS MATERIAL HAS BEEN USED TO A LIMITED EXTENT FOR
SUPPRESSING VEGETATION ALONG ROADWAYS IN CERTAIN SECTIONS
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OF THE COUNTRY•

IT HAS ALSO BEEN USED FOR THE CONTROL OF

QUACKGRASS WHEN APPLIED AT HEAVY RATES AND TURNED UNDER
SHORTLY AFTER TREATMENT•

IT HAS BEEN USED FOR SPROUT INHIBITION IN ONIONS AND
POTATOES AT VE.RY LOW RATES•
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TRIAZINE HERBICIDES
THE TRIAZINE HERBICIDES ARE A RATHER LARGE GROUP OF
HERBICIDES OF SLIGHTLY DIFFERING STRUCTURES.

THERE ARE

THREE MAJOR GROUPS OF THE TRIAZ INES NAMELY, THE CHLOROTRIAZ INES AS REPRESENTED BY SIMAZINE AND ATRAZINE,

THE

METHOXYTR IAZ INES SUCH AS PROMETONE AND THE METHYLMERCAPTO TRIAZ INES SUCH AS PROMETRYNE,

THE DIFFERENT GROUPS

OF TRIAZINES, ALTHOUGH HAVING CERTAIN PROPERTIES IN COMMON,

DIFFER SLIGHTLY IN THEIR PHYSICAL AND CHEMICAL PROP-

ERTIES AND IN THE WEEDS THAT THEY WILL CONTROL OR THE
CROPS TOWARD WHICH THEY ARE SELECTIVE,

THE TRIAZINES BY AND LARGE ARE RELATIVELY LOW IN
WATER SOLUBILITY AND ARE THEREFORE SOMEWHAT RESISTANT
TO LEACHING,

WATER IS USUALLY REQUIRED TO CARRY ENOUGH

OF THE TRIAZINE INTO THE SOIL WHERE IT CAN BECOME ACTIVE
AGAINST GERMINATING SEED OR YOUNG SEEDLING WEEDS; HOWEVER, THE TRIAZINES FOR THE MOST PART ARE ABSORBED BY
SOIL AND IN GENERAL THE LOWER THE SOLUBILITY OF THE TRIAZINE THE MORE TIGHTLY IT APPEARS TO BE BOUND,

THUS THE TRIAZINES IN GENERAL ARE MORE ACTIVE ON
LIGHT SANDY SOILS THAN THEY ARE ON HEAVY CLAYS AND ORGANIC SOILS.

THERE IS SUFFICIENT DIFFERENCE IN WATER SOLUBIL-

ITY AND SOIL BEHAVIOR BETWEEN THE TRIAZINES THAT A WIDE
RANGE OF ACTIVITY ON DIFFERENT SOIL TYPES MAY BE OBTAINED
BY SELECTING DIFFERENT MEMBERS OF THIS CLASS OF HERBICIDE 6

SELECTIVITY ON THE PART OF THE TRIAZINES APPEARS TO BE
DUE AT LEAST IN PART TO THE ABILITY OF TOLERANT PLANTS TO
METABOLIZE THE CHEMICAL, THUS RENDERING IT NON-TOXIC,

A

CLASSICAL EXAMPLE OF THIS IS THE TOLERANCE OF CORN TO THE
TR IAZ INES WHEREAS MOST OTHER GRASSES HAVE VARY ING SUSCEPTIBILITIES TO THEM,

THE TOLERANCE HAS BEEN SHOWN TO

BE DUE IN LARGE MEASURE TO THE ABILITY OF THE CORN PLANT
TO METABOLIZE THE TRIAZINE,

HOWEVER, CORN IS VARYINGLY

TOLERANT TO THE DIFFERENT C .LASSES OF TRIAZINES,

HAVING

THE HIGHEST TOLERANCE TO THE CHLOROTRIAZINES AND MUCH
LESS TOLERANCE TO THE METHOXY AND METHYLMERCAPTO TRIA-

z INES,
SIMAZINE, ATRAZINE AND PROPAZINE

THESE THREE COMPOUNDS ARE THREE WIDELY USED MEMBERS OF
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THE CHLOROTRIAZ INE GROUP•

THEY ENJOY USE AS SOIL STERIL-

ANTS (PARTICULARLY SIMAZINE AND ATRAZINE) AT RATES OF

40

TO

10

POUNDS PER ACRE AS PRE-EMERGENCE HERBICIDES ON

CROPS SUCH AS CORN AND SORGHUM AND FOR SELECTIVE WEED
CONTROL IN PERENNIAL CROPS SUCH AS STRAWBERRIES, CANEBERRIES AND ORCHARDS.

5JMAZINE, THE MEMBER OF THE GROUP

HAVING THE LOWEST SOLUBILITY,

IS MOST ACTIVE ON SANDY

SOILS AND ON HIGH RAINFALL CONDITIONS•

ATRAZINE AND PRO-

PAZINE MAY BE USED ON SLIGHTLY HEAVIER SOILS AND UNDER
LIGHTER RAINFALL CONDITIONS•

PROMETONE

PROMETONE IS A REPRESENTATIVE OF THE METHOXY GROUP
OF TRIAZ INES•

BECAUSE OF ITS PROPERT JES IT HAS CONS IDER-

ABLY MORE FOLIAR ACTIVITY OR CONTACT ACTIVITY THAN THE
CHLOROTRIAZINES AND A DIFFERENT SPECTRUM OF WEEDS THAT
IT WILL CONTROL AND CROPS THAT SHOW AT LEAST SLIGHT TOLERANCE TOWARD IT.

PROMETONE IS CONSIDERABLY MORE VOLA-

TILE FROM SURFACES THAN THE CHLOROTRIAZINES BUT STILL IS
BOUND QUITE STRONGLY BY SOIL.

PROMETRYNE

PROMETRYNE IS A REPRESENTATIVE OF THE METHYLMERCAPTO TRIAZINES AND SHOWS EVEN DIFFERENT SELECTIVE PROPERTIES THAN THE CHLOROTRIAZINES AND THE METHOXYTRIAZINES.
CARROTS, FOR EXAMPLE, ARE QUITE TOLERANT TO THIS MATERIAL.

TRIFLURALIN

TRIFLURALIN IS A LOW MELTING SOLID WHICH HAS BEEN
RECENTLY INTRODUCEQ FOR WEED CONTROL.
OF

IT HAS A SOLUBILITY

24 PARTS PER MILLION IN WATER AND APPRECIABLE VOLATILI-

TY•

TRIFLURALIN IS A SOIL ACTIVE COMPOUND THAT REQUIRES

EITHER WATER TO LEACH- IT INTO THE SOIL OR MECHANICAL INCORPORATION TO OBTAIN MAXIMUM ACTIVITY•

TRIFLURALIN IS

COMPARATIVELY SLOWLY LEACHED AND HAS A FAIR PERSISTENCE
IN SOIL.

TRIFLURALIN IS USED FOR THE CONTROL OF WEEDY ANNUAL
GRASSES SUCH AS CRABGRASS IN TURF AND HAS PROVEN EFFECT, IVE AS A PRE-EMERGENCE WEED CONTROL TREATMENT FOR A NUMBER OF VEGETABLE AND ROW CROPS•
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TCA AND

RELATED

COMPOUNDS

(SODIUM

TCA,

SODIUM

MCA)

THESE MATERIALS ARE VERY SOLUBLE IN WATER WHICH 15
SOMETIMES A DISADVANTAGE UNDER CONDITIONS OF HIGH RAINFALL-•
THE COMMON FORM OF TCA USED FOR WEED CONTROL JS THE
SODIUM SALT,
TURE RAPIDLY,

THIS 15 A SOLID MATERIAL THAT~ LIDRAWS" MOISSODIUM TCA BREAKS DOWN IN SOLUTION AND

SHOULD NOT BE PERMITTED TO STAND IN SOLUTION FOR ANY
LENGTH OF TIME BEFORE APPLICATION,

TCA

JS TOXIC TO MAN AND ANIMALS AND SHOULD BE HANDLED

CAREFULLY,

ONCE APPLIED TO PLANT FOLIAGE, THE CHEMICAL

15 USUALLY SUFFICIENTLY WELL DILUTED THAT NOT TOO MUCH
POISONING HAZARD 15 PRESENT,

IN THE CONCENTRATED SPRAY

SOLUTION, HOWEVER, THE MATERIAL CAN BE DANGEROUS AND MAY
CAUSE BLISTERS OF THE SKIN UPON LONG EXPOSURE,

TCA

HAS BEEN MOST WIDELY USED FOR THE NON-SELECTIVE

CONTROL OF QUACKGRASS AND SIMILAR DEEP-ROOTED PERENNIAL
GRASSES THROUGH THE USE OF HEAVY RATES,

IT HAS ALSO BEEN

USED AT LOW DOSAGE TO CONTROL GRASS TYPE WEEDS IN SUGAR
BEETS AND FLAX,

DALAPON
DALAPON JS THE SODIUM SALT OF DJCHLOROPROPIONJC ACID,
THE PARENT ACID JS A LIQUID OF STRONGLY ACID PROPERTIES
AND JS FREELY SOLUBLE IN WATER•
SOLUBLE IN WATER,

DALAPON 15 ALSO VERY

THE SOLUTION MAY BE SLIGHTLY ACID TO

NEUTRAL,

A
ING,

WATER SOLUTION OF DALAPON WILL BREAK DOWN ON STANDPARTICULARLY WHEN WARM OR EXPOSED TO LIGHT•

THE

MATERIAL ONCE MIXED SHOULD BE USED WITHIN ONE OR TWO DAYS,

DALAPON APPEARS TO BE ABSORBED AND TRANSLOCATED BY
GRASSES.

ITS KILLING ACTION SEEMS TO BE SYSTEMIC IN CON-

TRAST TO THE CONTACT ACTION OF TCA,

IT 15 NOT HIGHLY TOXIC BUT CONTINUED SKIN EXPOSURE CAN
RESULT IN SOME IRRITATION.

DALAPON 15 LARGELY AN EXPERIMENTAL MATERIAL THAT 15
FINDING USE FOR THE CONTROL OF QUACKGRASS AND OTHER PERENNIAL GRASSES.

IT 15 ALSO USED FOR THE CONTROL OF ANNUAL
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GRASS TYPE WEEDS IN CROPS SUCH AS SUGAR BEETS,

IT MAY

HAVE WIDESPREAD USE FOR CONTROL FOR ANNUAL AND PERENNIAL
GRASSES ALONG DITCH BANKS, ROADWAYS, AND OTHER AREAS IN
WHICH THEIR ELIMINATION IS DES"IRABLE,

IT ALSO MAY BE USED

WIDELY FOR CONTROL OF PERENNIAL GRASSES ON AGRICULTURAL
LAND,

IT MAY HAVE SELECTIVE USES IN CERTAIN CROPS,

AMINO TRIAZOLE

(3

AMINO,

1,2,4-TRIAZOLE:AMITROLE)

AMINO TRIAZOLE 15 A WHITE TO GRAY CRYSTALLINE MATERIAL
SOLUBLE IN WATER,

A

SOLUTION OF THIS MATERIAL HAS A

SLIGHTLY ACIDIC REACTION,

IT IS STRONGLY ABSORBED BY SOIL,

AMINO TRIAZOLE MAY BE OFFERED AS A HERBICIDE EITHER AS
A TECHNICAL GRADE MATERIAL
PRODUCT),

(80

PER CENT OR AS A

50

PERCENT

EITHER ONE DISSOLVES IN WATER WITH MIXING,

THIS MATER I AL HAS A UNIQUE ACTION ON PLANTS IN THAT IT
TURNS THEM WHITE,
PLANT,

IT 15 ABSORBED AND TRANSLOCATED BY THE

AMINO TRIAZOLE HAS A SYSTEMIC, THAT IS, A GENERAL ,

SLOW AC TION ON PLANTS,

IT APPEARS TO BE A HIGHLY EFFECTIVE

HERBICIDE FOR MANY PLANTS,

IN CONNECTION WITH THE USE OF THIS MATERIAL,

IT SHOULD

BE REMEMBERED THAT IT IS EFFECTIVE IN QUITE SMALL AMOUNTS,
ACCORDINGLY IN THE APPLICATION ONE SHOULD AVOID DRIFT OF
THE MATERIAL ON SUSCEPTIBLE PLANTS,

AMINO TRIAZOLE FORMS SALTS WITH A_C_IDIC MATERIALS,
SOME OF THESE, SUCH AS WITH DALAPON, ARE REPORTED TO BE
MORE EFFECTIVE ON CERTAIN PLANTS THAN AMINO TRIAZOLE
ALONE,

THIS MATERIAL HAS BEEN USED AS AN ADDITIVE TO COTTON
DEFOLIANTS,

USES ARE FQR NON-SELECTIVE CONTROL OF CER-

TAIN DEEP-ROOTED PERENNIAL WEEDS SUCH AS CANADA THISTLE
AND HORSETAIL RUSH,

fr

MAY ALSO BE USED AS A NON-SELEC-

TIVE SPRAY ALONG DITCH BANKS AND ROADWAYS TO ELIMINATE
VEGETATION,
WEEDS,

IT AFFECTS BOTH GRASS AND BROADLEAF TYPE

IT HAS SHOWN CONSIDERABLE PROMISE FOR THE CONTROL

OF QUACKGRASS AND SIMILAR PERENNIAL GRASSES.

URACIL WEED KILLERS

THE URACIL WEED KILLERS ARE A NEW CLASS OF CHEMICALS
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THAT HAVE BEEN INTRODUCED.

THESE COMPOUNDS SHOW VERY

HIGH ACTIVITY ON A WIDE RANGE OF PLANTS•

To DATE, THE

URACILS APPEAR TO HAVE THE MOST PROMISE AS SOIL STERILANTS, AL THOUGH A FEW INSTANCES OF SELECTIVE USE APPEAR
POSS IBLE•

THE URACILS REPRESENTED BY THE COMPOUNDS

GIVEN THE TRADE NAME HYVAR AND HYVAR

X

(BROMOCIL AND

ISOCIL) ARE CRYSTALLINE SUBSTANCES HAVING WATER SOLUB ILiTiES IN THE ORDER OF

0.2

PERCENT IN WATER.

THEY MAY ALSO

BE FORMULATED IN A MANNER TO BRING ABOUT COMPLETE SOLUBILITY OF THE URACILS WHICH MAKES THEM MORE MOBILE IN
LEACH ING THAN EITHER THE TRIAZ INES OR THE UREAS ALSO USED
FOR SOIL STERILIZATION.

THE URACILS ARE GENERALLY LESS SERIOUSLY AFFECTED BY
SOIL TYPE, THAT IS HEAVY CLAY AND ORGANIC SOIL, THAN ARE
THE UREA HERBICIDES OR THE TRIAZINE HERBICIDES.

THE URA-

CILS HAVE APPROXIMATELY THE SAME PERSISTENCE AS THE UREAS
AND TRIAZINES WHEN USED AT SOIL STERILIZATION RATES.

AMINOTRICHLOROPICOLINIC ACID (TORDON)
TORDON IS THE TRADE NAME OF A NEW COMPOUND, AMINOTRICHLOROPICOLINIC ACID, THAT IS SHOWING CONSIDERABLE
PROMISE FOR CONTROLLING MANY HARD TO KILL BROAD-LEAFED
PLANTS•

RATES OF AS LITTLE AS

1 TO

2

POUNDS PER ACRE

HAVE GIVEN GOOD INITIAL CONTROL OF DEEP ROOTED PERENNIAL
WEEDS SUCH AS CANADA THISTLE AND MANY HARD TO KILL
BRUSHY PLANTS•

THE PARENT COMPOUND IS A SOLID MATERIAL MELTING
ABOVE

2000

C AND HAVING VERY LOW SOLUBILITY IN WATER.

IT

IS READILY FORMULATED AS A SALT HOWEVER TO GIVE A WATER
SOLUBLE PREPARATION THAT IS HIGHLY ACTIVE EITHER IN FOLIAR
APPLICATION OR THROUGH THE SOIL.

THIS CHEMICAL HAS AN

APPRECIABLE RESIDUAL LIFE IN SOIL WHICH IS A FACTOR TO BE
CONSIDERED BECAUSE OF THE HIGH ACTIVITY OF THE CHEMICAL.
MOREOVER BECAUSE OF THE HIGH FOLIAR ACTIVITY OF THIS
CHEMICAL, DRIFT TOO, TOWARD NEARBY SUSCEPTIBLE PLANTS
MUST BE AVOIDED•
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NEMATOCIDES

CONSIDERABLE PROGRESS HAS BEEN MADE TOWARD THE CONTROL OF PLANT DISEASES PRODUCED BY NEMATODES (EELWORMS,
THREAD -

OR ROUNDWORMS) WITH THE USE OF NEMATOCIDES,

AN

IMPORTANT METHOD OF CONTROL IS THE APPLICATION OF CERTAIN
CHEMICALS TO THE SOIL,

A

CONTINUOUS SEARCH FOR CHEMICAL COMPOUNDS WITH NEM-

ATOCIDAL PROPERTIES HAS RESULTED IN ONLY A FEW STANDARD
TREATMENTS,

THE SIMILAR BEHAVIOR OF PRESENT DAY NEMA-

TOCIDES ARE USUALLY MARKETED AND APPLIED TO THE SOIL IN A
LIQUID FORM,

THE TOXIC ACTION IS DEPENDENT UPON THE VOLA-

TILIZATION AND DISPERSION OF THE MATERIAL WITHIN THE SOIL,

GROWERS WHO INT END TO USE NEMATOCIDES ARE CAUTIONED
TO READ THE MANUFACTURER'S RECOMMENDATIONS VERY CAREFULLY•

VOLATILIZATION OF TH ESE MATERIALS PRODUCES VAPORS

WHICH ARE GENERALLY HARMFUL TO MAN,

A

PROLONGED EXPOS-

URE MAY PRODUCE SEVER E SYMPTOMS, OCCASIONALLY DEATH•
SOME NEMATOCIDES ARE ABSORBED DIRECTLY THROUGH THE SKIN,
THE DANGER FROM CONTINUOUS BREATHING OR ABSORPTION
THROUGH THE SKIN IS CONSIDERABLY LESS IN THE FIELD WHERE
THERE IS FREE MOVEMENT OF AIR,

SERIOUS BURNS HAVE RESUL-

TED FROM MATERIAL CARELESSLY SPLASHED UPON THE SHOES OR
CLOTHING AND ALLOWED TO REMAIN THROUGHOUT THE DAY• NEMATOCIDES ARE ABLE TO PENETRATE THROUGH LEATHER AND ORDINARY CLOTHING,

INJURY IS MORE LIKELY TO OCCUR ON AREAS OF

THE BODY WHERE THERE I S LITTLE OR NO AIR CIRCULATION,

OTHER PRECAUTIONS FOR THE GENERAL USE OF NEMATOCIDES
ARE:

THE OBSERVATION OF PROPER TIME INTERV!"L BETWEEN

TREATMENT AND PLANTING DUE TO THE PHYTO-TOXIC NATURE OF
THESE MATERIALS; AND A PROPER CLEANING PROCEDURE TO
AVOID EXCESSIVE CORROSION TO APPLICATION MACHINERY,

IN SPITE OF MANY HAZARDS, NEMATOCIDES ARE SAFELY
APPLIED TO THOUSANDS OF ACRES EACH YEAR,

SOME MATERIALS

ARE ALSO USED IN GREENHOUSE SOILS, FLOWER BEDS AND HOME
GARDENS•

NEMATOCIDES ARE USED MOST EFFECTIVELY IN GOOD

SEEDBEDS RELATIVELY FREE FROM UNROTTED ORGANIC MATERIAL,
THE TIME OF TREATMENT, DOSAGE, AND DEPTH OF APPLICATION
ARE IMPORTANT FACTORS TO CONSIDER IN RELATiON TO THE SOIL
TYPE, TEMPERATURE, AND MOISTURE CONTENT OF THE SOIL,

THE FOLLOWING COMMON MATERIALS OR MIXTURES CONTAIN-
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ING THEM ARE SUPPLIED BY VARIOUS COMPANIES UNDER NUMEROUS
TRADE NAMES:

DICHLOROPROPANE-DICHLOROPROPENE
DIBROMOCHLOROPROPANE
ETHYLENE D IBROM IDE
METHYL BROMIDE
TRICHLORONITROMETHANE (CHLOROPICRIN)

RODENTICIDES

RODENTICIDES ARE CHEMICAL MATERIALS THAT ARE USED TO
KILL RODENTS AND OTHER SMALL MAMMAL PESTS,

MOST OF

THESE MATERIALS ARE POISONS AND MUST BE HANDLED CAREFULLY
TO AVOID ENDANGERING LIVESTOCK, POUL TRY AND HUMAN LIVES,
SEVERAL NEW AND HIGHLY EFFECTIVE MATERIALS HAVE BEEN DEVELOPED DURING THE PAST FEW YEARS, PARTICULARLY FOR THE
CONTROL OF RATS AND HOUSE MICE,

OTHERS ARE BE I NG TESTED

IN BOTH FIELD AND LABORATORY AND MAY SOON BE AVAILABLE
FOR USE,

TO DATE, NO SINGLE CHEMICAL POISON HAS BEEN FOUND
THAT WILL MEET ALL REQUIREMENTS AT ALL TIMES AND UNDER
ALL CONDITIONS,

SEVERAL ARE QUITE EFFECT IVE BUT MOST

HAVE ONE SHORTCOMING OR ANOTHER,

A

RODENT CONTROL OPER-

ATOR SHOULD BE FAMILIAR WITH THE CHARACTERISTICS OF ALL
OF THE POISONED BAIT MATERIALS HE USES AS WELL AS THE
HABITS AND CHARACTERISTICS OF THE ANIMALS HE IS ATTEMPTING TO CONTROL,

NOT ALL ANIMALS REACT ALIKE,

EVEN WITHIN THE SAME

SPECIES SOME INDIVIDUALS ARE CONSIDERABLY MORE RESISTANT
TO POISONED BAITS THAN OTHERS,

TOXIC EFFECTS OF THE VARl-

OUS POISONED BAIT MATERIALS VARY WITH SEASONS, DIET, AGE
AND EVEN SEX OF THE ANIMALS INVOLVED,

DOSAGE LEVELS ARE

CALCULATED TO INCLUDE MOST OF THESE RESISTANT ANIMALS IN
THE KILL,

THUS THE THEORY THAT IF ONE POUND IS GOOD TWO

POUNDS SHOULD BE BETTER IS NOT ONLY FALSE BUT EX PENS IVE,
SUCH A PRACTICE NOT ONLY INCREASES COSTS BUT ALSO GREATLY INCREASES THE HAZARD TO OTHER ANIMALS AND OFTEN RESULTS
IN POOR BAIT ACCEPTANCE AND THUS POOR CONTROL OF THE RODENT,

THE MOST WIDELY USED RODENTICIDES TODAY,

PARTICULARLY

FOR CONTROLLING RATS AND MICE, ARE THOSE KNOWN AS THE ANTI-
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COAGULANT RODENT IC IDES•

BAITS WHICH INCLUDE ANTICOAGULANTS

DIFFER RADICALLY FROM THE CONVENTIONAL "SINGLE DOSE"
POISONED BAITS IN THAT THEY ARE CUMULATIVC: IN EFFECT•

RE-

LATIVELY LOW DOSAGES TAKEN REPEATEDLY AT DAILY OR TWODAY INTERVALS DURING A PERIOD OF 5 TO 15 DAYS ARE FATAL TO
RODENTS• ALTHOUGH A SINGLE DOSE IN THE SAME TOTAL AMOUNT
MAY PRODUCE NO SIGNS OF TOXICITY•

WHILE THERE ARE SPECIFIC

CHEMICAL DIFFERENCES IN THE ANTICOAGULANT RODENTICIDES
NOW MOST COMMONLY USED, ALL ARE SIMILAR IN RESULTS ATTAIN-:ED AND ARE GENERALLY FATAL TO NORWAY RATS, ROOF RATS,
AND HOUSE MICE AFTER SEVERAL FEEDINGS ON BAITS CONTAINING
0

0

025

% OF THE CHEMICAL.

ANTICOAGULANT BAITS ARE NOT AS

YET GENERALLY USED .FOR CONTROLLING FIELD RODENTS, RABB.ITS,
OR MOLES•

5

INGLE DOSE POISONED BAITS ARE ST ILL GENERALLY

PREFERRED FOR THESE RODENTS•

WARFARIN 3-{A-ACETONYLBENZYL)-4-HYDROXYCOUMARIN

ONE OF THE FIRST• AND PROBABLY BEST KNOWN 9 OF THE
ANTICOAGULANT RODENTICIDES 0

WAS INTRODUCED BY THE WISCON-

SIN ALUMNI RESEARCH FOUNDATION AND GIVEN THE COINED NAME
"WARFARIN".

IT IS A STABLE, ORDORLEss. TASTELESS CHEMI-

CAL AND HAS BEEN IN GENERAL USE SINCE 1950 •

IT HAS RECEIV-

ED WIDE ACCEPTANCE BY• THE GENERAL PUBLIC AS WELL AS PROFESSIONALS IN RODENT CONTROL.

AS WITH OTHER ANTICOAGU-

LANTS• WARFARIN IS CUMULATIVE IN EFFECT AND RATS AND MICE
MUST FEED ON WARFARIN BAITS SEVERAL TIMES DURING A 5 TO
15-DAY PERIOD TO ACQUIRE A LETHAL DOSE.
FROM GENERAL INTERNAL

DEATH RESULTS

HEMORRHAGE WITHIN THIS PERIOD.

RODENTS APPARENTLY DO NOT ASSOCIATE THE EFFECTS OF INTERNAL BLEEDING WITH THE BAIT MATERIALS CONTAINING WARFARIN
AND THUS CONTINUE TO FEED ON PROPERLY PREPARED BAITS EVEN
AFTER THE SYMPTOMS OF POISONING ARE EVIDENT•

THUS THE PROBLEM OF BAIT SHYNESS OR POOR BAIT ACCEPTANCE IS OVERCOME AND AT THE SAME TIME THE HAZARD TO OTHER
ANIMALS IS GREATLY REDUCED.

PROPERLY PLACED BAITS CON-

TAINING WARFARIN ARE NOT CONSIDERED DANGEROUS TO CHILDREN
HOUSEHOLD PETS OR FARM ANIMALS, BECAUSE A SINGLE ACCIDENTAL FEEDING WOULD NOT BE FATAL•

RECOMMENDED BAIT MIXTURES FOR RATS AND MICE INCLUDE
ONE PART COMMERCIAL GRADE WARFARIN (0.5
19 PARTS BAIT BY WEIGHT.

%)

MIXED WITH

THIS MIXTURE RESULTS IN A READY
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TO-USE BAIT TESTING 0.025
BASIS.

% WARFARIN ON A

DRY SUBSTANCE

RECOMMENDED BAIT MATERIALS INCLUDE YELLOW CORN

MEAL• ROLLED OATS,

ROLLED BARLEY, CHICKEN MASH AND OTHER

SIMILAR DRY CEREAL-TYPE FEEDS•

SINCE REPEATED FEEDINGS

ARE REQUIRED• PERMANENT COVERED BAIT STATIONS ARE THE
MOST SATISFACTORY FOR EXPOSING BAITS.

THE ANTIDOTE FOR WARFARIN POISONING INCLUDES WHOLE
BLOOD TRANSFUSIONS COMBINED WITH INTRAVENOUS INJECTIONS
AND ORAL DOSES OF VITAMIN K AS IN THE CASE OF HEMORRHAGE
CAUSED BY OVERDOSES OF DICUMAROL.

WARFACIDE IS A CONCENTRATE OF SODIUM SALT OF WARFARIN AND IS WATER-SOLUBLE.

IT IS GENERALLY PACKAGED IN

SMALL PLASTIC CONTAINERS CONTAINING THE PROPER AMOUNT OF
THE CHEMICAL TO MIX WITH ONE QUART OF WATER.

CHICK

WATERING FOUNTS WHICH FIT ONE QUART JARS ARE FREQUENTLY
USED AS DISPENSERS FOR THIS WATER-SOLUBLE FORM OF WARFARIN.

PROLIN (WARFARIN PLUS SULFAQUINOXALINE)

PROBABLY THE NEWEST IN THE ANTICOAGULANT GROUP HAS
JUST BEEN INTRODUCED BY THE WISCONSIN ALUMNI FOUNDATION
AND GIVEN THE TRADE MARK

11

PROLIN" •

THIS NEW RODENTICLE

IS WARFARIN WITH THE ANTIBACTERIAL AGENT

N

1 -2QUINOXALY-

SULFANILAMIDE (SULFAQUINOXALINE) ADDED AND IS REPORTED TO
BE SOMEWHAT MORE EFFECTIVE THAN WARFARIN FOR CONTROLLING RATS AND MICE.
AGULANT POISONING,

VITAMIN K, THE ANTIDOTE FOR ANTICOIS SOMETIMES INGESTED BY RODENTS IN

THEIR NORMAL FEEDING ACTIVITIES.

ALso. SUBSTANTIAL

AMOUNTS OF THIS VITAMIN ARE REPORTED TO BE PRODUCED BY
CERTAIN BACTERIA IN THE DIGESTIVE TRACT OF RATS AND MICE.
PROLIN CONTAINS THE ANTIBACTERIAL AGENT• SULFAQUINOXALINE, WHICH REDUCES THE EFFICIENCY OF THE VITAMIN K-PRODUCING BACTERIA IN THE INTESTINAL TRACT OF THE RODENT•
THIS MAKES THE ANTICOAGULANT EFFECT OF THE WARFARIN
MORE EFFICIENT• •••THUS ASSURING BETTER CONTROL•

TESTS HAVE SHOWN THAT SINGLE DOSES OF PROLIN BAIT
ARE NO MORE HAZARDOUS TO PETS OR OTHER ANIMALS THAN ARE
SINGLE DOSES OF WARFARIN ALONE•

PJVAL 2 PIVALYL-1, 3-INDANDIONE
THIS CHEMICAL, A PRODUCT OF
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MOTOMCO, INC.,

IS AN

INDANDIONE DERIVATIVE AND IS NOT RELATED CHEMICALLY TO THE
4-HYDROXYCOUMARIN GROUP WHICH INCLUDES WARFARIN AND
COUMACHLOR 0

FIRST PREPARED AND TESTED AS AN INSECTICIDE,

IT WAS LATER FOUND TO POSSESS ANTICOAGULANT PROPERTIES
WHICH SUGGESTED ITS USE AS A RODENTICIDE.

PIVAL IS QUITE

SIMILAR TO WARFARIN IN ITS OVERALL EFFECT ON. RODENTS.

IT

IS MIXED WITH SIMILAR CEREAL-TYPE BAITS AND SHOULD BE EXPOSED IN BAIT BOXES WHICH PERMIT REPEAT-ED FEEDINGS.

IT

REQUIRES APPROXIMATELY THE SAME LENGTH OF TIME TO KILL
THE RODENT•

"PIVAL 11 BAITS HAVE SHOWN SOME RESISTANCE

TO FUNGUS AND INSECT INFESTATION WHICH WARFARIN AND COUM•
ACHLOR HAVE NOT SHOWN,

PIVALYN IS THE WATER SOLUBLE CONCENTRATE OF PIVAL
ALSO AVAILABLE FROM MOTOMCO, INC.

IN GRAIN ELEVATORS,

WAREHOUSES AND OTHER SITUATIONS WHERE FOOD IS VARIED AND
ABUNDANT IT HAS OFTEN BEEN FOUND ADVANTAGEOUS AND MORE
EFFECTIVE TO USE WATER BAITS,

NEITHER WARFARIN NOR

PIVAL ARE WATER SOLUBLE BUT THE SODIUM SALTS OF EACH RETAIN THE RODENTICIDAL CHARACTERISTICS AND ARE WATER SOLUBLE,

WATER BAITS GIVE BEST RESULTS UNDER CONDITIONS

WHERE OTHER SOURCES OF WATER ARE LIMITED SUCH AS DURING
THE DRY SUMMER MONTHS OR IN GRAIN AND FEED STORAGE AREAS,

DIPACINONE 2-DIPHENYL-ACETYL-I, 3-INDANDIONE

THIS ANTICOAGULANT, SOLD UNDER THE TRADE NAME
DIPHACIN-110, IS SIMILAR TO THE OTHERS IN MOST RESPECTS,
LIKE THE OTHER ANTICOAGULANTS,
SUITABLE BAIT MATERIAL.
A CONCENTRATION OF ,005

IT IS MIXED 1 TO

19

WITH A

THE FINISHED BAIT WILL THEN HAVE

% DIPHACINONE

0

THERE IS SOME

INDICATION THAT DIPHACINONE MAY BE MORE TOXIC ON A SINGLE
DOSE BASIS THAN OTHER ANTICOAGULANT RODENTICIDES CURRENTLY IN USE,

CHEMISTS FROM THE UPJOHN COMPANY, KALAMA-

ZOO, MICHIGAN REPORT THAT THE ACUTE ORAL LD50 FOR
DIPHACINONE WAS FOUND TO BE 3 MG/KG FOR RATS AND 340 MG/
KG FOR MICE,

TOXICITY STUDIES INDICATE THE HAZARDS IN-

VOLVED FROM USING DIPHACINONE AS A RODENTICIDE ARE LIMITED•

THE ANTIDOTE IS THE SAME AS FOR OTHER ANTICOAGULANTS,

COUMACHLOR

COUMACHLOR, A DERIVATIVE OF WARFARIN, WAS DEVELOPED
IN SWITZERLAND AND HAS BEEN DISTRIBUTED THERE AND IN OTHER
EUROPEAN COUNTRIES AS A "TRACKING POISON" UNDER THE TRADE-
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NAME

11 TOMORIN"

•

THIS MATERIAL HAS BEEN TESTED IN THE

UNITED STATES BY THE U. S. F I SH AND WILDLIFE SERVICE
BUT TO DATE HAS NOT BEEN MARKETED IN THE UNITED STATES.

FUMARIN
FUMARIN IS STILL ANOTHER COMPOUND OF THE 4-HYDROXYCOUMARIN GROUP•

IT WAS FIRST MADE IN GERMANY, BUT HAS

BEEN TESTED IN THE UNITED STATES AND FOUND TO BE PROMISING AS A RODENTICIDE.

FUMARIN HAS BEEN APPROVED BY THE

DEPARTMENT OF AGRICULTURE.

IT IS DISTRIBUTED AS A

0.5

PERCENT FORMULATION UNDER THE TRADE-NAME ttRATAFIN-22" •

PMP
PMP

AND

PNP-P

2-SUBSTITUTED

-1,

ARE WATER SOLUBLE SODi'UM SALTS OF

3-INDANDIONE AND HAVE BEEN TESTED EX-

PERIMENTALLY AS RAT AND MOUSE CONTROL AGENTS •

THESE

ARE ANTICOAGULANTS SIMILAR TO PIVAL BUT ARE N OT GE NERALLY .IN USE TODAY•

OTHER

POISONS

WH I LE THE ANTICOAGULANTS HAVE BEEN IN GENERAL USAGE
ON L Y S I NCE

1950 ,

THEY HAVE ALMOST REPLACED THE CONVEN-

TIONAL SINGLE DOS E POISONS F OR C O NT ROLL ING N O RWAY RATS ,
BLAC K A N D ROO F RATS, AND H OUSE M I CE.

IN A DDITION TO

THOSE MENTIONED ABOVE STILL OTHERS ARE BEING DEVELOP E D ,
IMPROVED AND TESTED AND MAY EVENTU ALLY FIND A USE F UL
PLACE IN THE RODENT CONTROL PICTURE.

HOWEVER, FOR CON-

TROLLING FIELD RODENTS SUCH AS POCKET GOPHERS, MOLES,
GROUND SQUIRRELS, AND SIMILAR PESTS, WE CONTINUE TO RELY ON SUCH WELL KNOWN MATERIALS AS STRYCHNINE, THALLIUM,
AND ZINC PHOSPHIDE•

ANTU,

COMPOUND

OTHER POISONS INCLUDJNG RED SQUILL,

1080,

AND SOME OF THE ARSENIC COMPOUNDS

ARE ALSO USED, PARTICULARLY IN RAT AND MOUSE CONTROL, AND
THEREFORE SHOULD BE GIVEN SOME CONSIDERATION.

WARFARIN, PIVAL, RED SQUILL, STRYCHNINE, ZINC PHOSPHIDE, AND THALLIUM SULPHATE ARE THE RODENTICIDES MOST
FREQUENTLY RECOMMENDED FOR USE BY THE GENERAL PUBLIC.
BAITS CONTAINING THESE RODE NTICIDES ARE USUALLY AVAI LABLE COMMERC I A L L Y IN THE F ORM OF READY-TO-USE BAITS.

R ED SQUILL

RED SQUILL I S STILL_ C ONSIDERED TO BE ONE OF T HE SAFEST
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RODENTICIDES TO USE PARTICULARLY WHERE THERE IS SOME DANGE'f<
THAT LIVESTOCK, PETS, POULTRY OR OTHER FORMS MIGHT HAVE
ACCESS TO THE BAIT MATERIAL,

DUE TO ITS EMETIC ACTION IT

IS NOT CONSIDERED HARMFUL TO ANY ANIMAL CAPABLE: OF VOMITING,

SINCE IT IS GENERALLY MIXEE> AT THE RATIO OF ONE PART

SQUILL TO NINE PARTS BAIT, BY WEIGHT, THE BITTER TASTE IS
OBJECTIONABLE TO MAN AND MANY DOMESTIC ANIMALS THUS PROVIDING AN ADDITIONAL SAFETY FACTOR,

IT IS GENERALLY RECOM-

MENDED ONLY FOR THE CONTROL OF BROWN OR NORWAY RATS•
NEITHER ROOF RATS NOR HOUSE MICE ARE CONTROLLED EFFECTIVELY WITH IT DUE TO POOR ACCEPTANCE OF SQUILL BAITS•

THE

MOST EFFECTIVE USE OF RED SQUILL IS FOR A QUICK REDUCTION
OF A HEAVY POPULATION OF RATS BY INTENSIVE BAITING WITH AN
ATTRACTIVE BAIT SUCH AS MEAT OR FISH•

BAIT S.H YNESS DEVEl.r

OPS QUICKLY IN RATS EXPERIENCING A SUB-LETHAL DOSE,

STRYCHNINE
STRYCHNINE, PARTICULARLY THE ALKALOID FORM, IS A
QUICK ACTING POISON STILL USED EXTENSIVELY FOR CONTROLLING POCKET GOPHERS, GROUND SQUIRRELS, PORCUPINES, MARMOTS, RABBITS, AND A HOST OF OTHER SMALL MAMMAL PESTS,
SINCE IT IS NOT SOLUBLE . IN WATER,

IT IS GENERALLY COATED

ON GRAIN BAITS BY USUING A THIN STARCH PASTE OR DUSTED ON
LEAF AND VEGETABLE BAITS,

SINCE IT HAS AN EXTREMELY

BITTER TASTE, IT IS EASILY DETECTED AND AVOIDED IN BAITS
PREPARED FOR RATS•

IT IS THEREFORE NOT RECOMMENDED FOR

EITHER BROWN OR ROOF RATS,

ZINC

PHOSPHIDE

ZINC PHOSPHIDE IS NOT WIDELY USED OR RECOMMENDED
EXCEPT IN THE FORM OF COMMERCIALLY PREPARED BAIT FOR
FIELD MOUSE CONTROL,

IN ANY OTHER FORM IT IS NOT READILY

AVAILABLE TO THE GENERAL PUBLIC•

IT HAS A SOMEWHAT

PUNGENT ODOR AND AN UNATTRACTIVE BLACK COLOR WHICH TENDS
TO CAUSE MOST BIRDS AND ANIMALS TO AVOID IT•
MICE AND SEVERAL OTHER RODENTS,

RATS AND

INCLUDING WILD NUTRIA,

SEEM TO TAKE ZINC PHOSPHIDE BAITS READILY•

THALLIUM SULPHATE

THALLIUM SULPHATE IS NOT WIDELY USED OR RECOMMENDED
EXCEPT IN THE FORM OF COMMERCIALLY PREPARED BAITS FOR
MOLE CONTROL,

IN ANY OTHER FORM IT IS NOT READILY AVAIL-
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ABLE TO THE GENERAL PUBLIC,
1

% THALLIUM

PREPARED BAITS CONTAINING

SULPHATE HAVE BEEN QUITE SUCCESSFUL FOR

CONTROLLING MOLES,

AT SUCH LOW LEVELS THESE BAITS ARE

CONSIDERED SAFE FOR THE GENERAL PUBLIC TO USE SUBJECT TO
THE USUAL PRECAUTIONS AND FOLLOWING THE MANUFACTURER'S
DIRECTIONS FOR APPLICATION,

PARTICULAR CARE SHOULD BE

TAKEN WHEN USING THALLIUM-COATED PEANUTS SINCE THIS FORM
OF BAIT IS MORE ATTRACTIVE TO CHILDREN THAN PELLETED OR
OTHER FORMS OF BAIT CURRENTLY AVAILABLE,

U,S,

FISH AND WILDLIFE SERVICE AGENTS HAVE ALSO USED

THALLIU M SULPHATE SUCCESSFULLY IN THE CONTROL OF STARLINGS,

CULL FRENCH-FRIED POTATOES AND "TATER-TOTS"

WERE DUSTED WITH THALLIUM AT THE RATE OF 1 :400,

BIRDS

W E RE FOUND DEAD AT THEIR ROOSTING SITES SIX TO EIGHT HOURS
LATER,

No EFFECT OF SECONDARY POISONING WAS EVIDENCED

IN DOMESTIC CATS THAT WERE FED THESE POISONED B I RDS,

SODIUM FLUOROACETATE (COMPOUND 1 080)

SODIUM FLUOROACETATE, COMMONLY CALLED 1080,

IS

COLORLESS, ORDORLESS, TASTELESS AND EXTREMELY TOXIC TO
MAN AND OTHER WARM BLOODED VERTEBRATES,

IT IS NOT AVAIL-

ABLE TO THE GENERAL PUBLIC AND ITS SALE IS RESTRICTED BY
THE MANUFACTURER TO TRAINED PERSONNEL OF GOVERN M ENTAL
AGENCIES AND EXPERIENCED PEST CONTROL OPERATORS,

ITS TOXIC ACTION IS RAPID AND THERE IS NO KNOWN EFFECTIVE ANTIDOTE,

IT HAS AN ESTIMATED ORAL LD 100 FOR CHIL-

DREN OF 2 M(1/KG BUT IS CONSIDERED DANGEROUS FOR MAN AT
0,5-2,0 MG/KG~
NERVOUS SYSTEM,

IT AFFECTS THE MYOCARDIUM AND CENTRAL
THERE IS A HIGH HAZARD OF SECONDARY

POISONING TO ANY ANIMALS FEEDING ON THE 1080-POISONED ANIMALS,

TEN-EIGHTY IS USED BY TRAINED PERSONNEL UNDER CAREFULLY SUPERVISED SITUATIONS FOR CONTROLLING RATS AND
CERTAIN FIELD RODENTS THOUGH THE EXCELLENT ANTICOAGULANT
RODENTICIDES AVAILABLE TODAY MAKE SUCH USE GENERALLY
UNNECESSARY,

FISH AND WILDLIFE SERVICE AGENTS USE IT

SUCCESSFULLY UNDER CAREFULLY SUPERVISED CONDITIONS FOR
COYOT.E CONTROL,

ANTU
ANTU (ALPHA NAPHT~LTH_~C>_U REA) CAN BE MIXED WITH BAIT
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MATERIALS OR USED AS A TRACKING POISON FOR BROWN OR
NORWAY ,RATS.
MICE.

IT IS INEFFECTIVE AGAINST ROOF RATS OR HOUSE

IT IS HIGHLY TOXIC TO DOGS; CATS, AND PIGS BUT IS

MUCH LESS TOXIC TO OTHER DOMESTIC ANIMALS.

SINCE THE

DEVELOPMENT OF THE ANTICOAGULANTS WITH THEIR MUCH HIGHER
SAFETY FACTOR IT IS SELDOM USED•

INSECTICIDES USED IN RODENT CONTROL

ARSENIC TRIOXIDE IN THE MICRONIZED FORM AND

50

% DDT

DUST ARE SOMETIMES USED AS TRACKING POISONS, PARTICULARLY
FOR THE CONTROL OF HOUSE MICE.

CARE MUST BE TAKEN IN

THEIR USE TO INSURE THAT NO CONTAMINATION OF HUMAN OR
ANIMAL FOODS OCCURS,

IN WASHINGTON STATE ENDRIN SPRAYS HAVE BEEN USED FOR
CONTROLLING FIELD MICE IN SOME ORCHARD AREAS WHERE HEAVY
COVER CROPS ARE GROWN.

OCTOBER AND NOVEMBER SPRAYING

(AFTER THE FRUIT HAS BEEN PICKED} IS RECOMMENDED USING
QUART OF ENDRIN EMULSION PER

too GALLONS

THE COVER CROP UNTIL THOROUGHLY WET•

f

OF WATER. SPRAY

THIS AMOUNTS TO

f , 2 TO I ,4 POUNDS ACTUAL ENDRIN PER ACRE,

THE HEAVIER

T HE COVER CROP THE MORE SPRAY NEEDED FOR COVERAGE• THIS
METHOD IS CONSIDERABLY MORE EXPENSIVE THAN CONTROLLING
WITH THE CONVENTIONAL RODENT BAITS AND THE HAZARDS ARE
CONSIDERABLY GREATER.

SPRAYED COVER CROPS SHOULD ·

NEVER BE FED TO LIVESTOCK•

DIELDRIN, TOXAPHENE, CHLORADANE AND CERTAIN OTHER INSECTICIDES HAVE ALSO BEEN SHOWN TO HAVE SOME BENEFICIAL
EFFECTS IN CONTROLLING RODENTS UNDER CERTAIN CONDITIONS.
HOWEVER, TO BE EFFECTIVE MOST OF THESE REQUIRE THAT THE
VEGETATION BE SATURATED,

THIS IN TURN PRESENTS A DISTINCT

HAZARD TO ANY FORM OF ANIMAL LIFE GRAZING OR RANGING
THROUGH THE SPRAYED AREA.

THEREFORE, UNTIL MORE EXPERI-

MENTAL WORK IS DONE, THESE HIGHLY TOXIC INSECTICIDES ARE
GENERALLY NOT RECOMMENDED FOR RODENT CONTROL.

REFERENCE

CHARACTERISTICS OF COMMON RODENTICIDES,
WL-337,

D, C.

LEAFLET

U .S • FISH AND WILDLIFE SERVICE, WASHINGTON,

JANUARY

1952,
95

I

PART

FOUR
DISEASE PROTECTANTS

One of the common and effective methods for control of certain
fungus and bacterial diseases is the proper use of the recommeded
spr ay and dust materials on the plants. Spraying a crop affected by
root rots; Fusarium yellows of beans, cabbage and celery; Fusarium
w ilt, blackleg, Rhizoctonia, scab, and leak of potatoes, and many
oth ed diseases; or applying sprays and dust at the wrong time, or an
insufficient number of timely applications, or poor coverage of the
plants is a waste of time and materials, and it is costly.
Fungicide materials are used to protect the p lants from infection or
further spread of the disease rather t h an to cure the plant of the
disease. Therefore, spraying or dusting should begin at the proper
time, employing the recommended m a ter ials, and obtaining complete
coverage of the plants for the required number of applications for
effective control.
Chemical fungicides used to protect fruit crops have always caused
some damage to the fruit and foliage. The goal as in weed and insect
spr aying is to get maximum or satisfactory control with minimum
injury. In general, spraying and dusting with fungicidal materials
are used for control of blights, mildew, and rusts of crop plants. 180

Fungicides may be divided into two classes. Protectant fungicides
are most generally used in plant disease control practices. These fungicides are applied before the disease is expected to appear and must
persist or be maintained by repeat applications throughout the danger
period. By their presence invasion of the plant tissue · is prevented.
T hese fungicides may be used as sprays or dusts to protect plant
foliage or fruits; as seed protectants for grain and vegetables, (seed
disinfectants); as a wood or fabric preservative, or in chemotherapy
to treat plants to aid in their resistance to disease.

Eradicant fungicides kill by direct action on the fungus at the time
of application, causing the death of the fungus or preventing sporulation. Formaldehyde and volatile organic mercury products when applied to seeds, kill the fungi causing smut, blight or scab of cereals
and certain diseases of potatoes. Sulfur is used to "burn out" apple
scab and powdery mildew infections; sodium dinitro orthocresolate
kills the scab fungus in over wintered apple leaves; penta,c hlorophenol,
copper napthenate or creosote oil kills fungi in wood products; copper
napthenate (G-4) phenyl mercuric acetate and other chemicals kills
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PART IV
the fungus growing in cloth, canvas, paper, rope, nets, etc.; benzol
or paradichlorobenzene will check the growth of the tobacco blue
mold fungus.
A given material may be used both as a, protectant or an eradicant fungicide, as noted with lime-sulfur solution or phenyl mercuric
triethanol ammonium lactate solution in the control of apple scab.
For the sake of economy, it is important for the user to know when
it is advisable to apply both insecticides and fungicides in the same
spray .or dust mixture. This involves not only a knowledge of the
proper uses of insecticidal aid fungicidal materials, but of their compatibility. Obviously it would be a mistake to mix materials that
would react to form a product injurious to the plants, or that would
possess reduced killing power.

Copper, sulfur and dithiocarbamate are the chemicals commonly
used for spray and dust materials for control of certain plant diseases.
These materials may be compounded with many other fungicides
such as zinc and mercury, or non-fungicidal materials such as iron
and hydrated lime, and often with insecticidal materials such as
DDT, arsenicals, and nicotine sulfate, and other compatible materials.
Furthermore, many · manufacturers and growers incorporate spreader
and sticker materials in the sprays, and sticker materials in the dusts,
to increase the efficiency of the fungicidal materials.
The two oldest and most common materials used in fungicides are
copper and sulfur. The coppers are used either as a Bordeaux mixture
( includes copper, lime and water) or fixed copper preparations in
the form of wettable powders. There are a number of newer materials
which are proving their value for particular uses with individual
crops and fungus problems. Some of these materials described later
are ferbam, nabam, phygon, Tag 33 I, zineb and ziram.
• BORDEAUX MIXTURE: The action of Bordeaux mixture is protective. It should be applied as most fungicides before the period of
infection. In other words, its use is to prevent rather than cure. Bordeaux mixture, which is one of the oldest and still one of the most
widely used fungicides, is a chemical combination of copper sulfate,
lime and water. Freshly prepared Bordeaux mixture contains a gelatinous precipitate that dries on the leaf as a continuous adhesive film.
How the Bordeaux mixture protects the plant against invasion of
the fungus is not definitely agreed upon. There is much evidence to
show that an acid secretion from the germ tube of a germinating
fungus spore brings minute quantities of copper in the protective
film into solution, causing death of the protoplasm within the germ
tube.
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The standard Bordeaux mixture is prepared as a 4-4-50 formula.
This means that 4 pounds of copper sulphate (bluestone or blue vitrol)
and 4 pounds of lime (freshly• slacked quick lime or fresh finely
divided hydrated lime) are added simultaneously to 50 gallons of
water. Various modifications of this formula, chiefly in terms of
reduced copper and increased lime, or a reduction of both ingredients,
are recommended for the control of certain fungus diseases, or the
reduction of spray injury.
For special purposes a so called, "Zinc Bordeaux" is used, in which
zinc sulphate is substituted for the copper sulphate. This name, however, is generally not acceptable to the Federal Insecticide Division
and many state Economic Poison officials, since the word "Bordeaux"
refers only to the product derived from t he chemical reaction of
copper, lime, and water. This fungicide is t he more fungitoxic of
the copper fungicides and is also very phytotoxic to the tissue of
many plants. 187
A sa,tisfactory Bordeaux mixture m ay be made as follows: Slake
the lime and dissolve the bluestone in separate barrels. Fill the spray
tank half full of water, add the dissolved bluestone, strain in the
slaked lime while the agitator is running, add remainder of water,
and mix thoroughly. In order to hasten solution of the bluestone, it
should be ground as fine as possible and placed in a sack kept near
the top of the water in the barrel. 60
The purpose of the lime in Bordeaux mixture is to prevent plant
injury from the copper. Actually, many vegetable plants are sensitive also to the lime. A number of newer fungicides, therefore, are
now replacing Bordeaux mixture. Bordeaux mixture is most efficient
of the fungicides but it is fully effective only if fresh. If Bordeaux
mixture is to be used with oil, add the oil just before the tank is
completely filled. Always add the oil last. 168
I

I

I

e FIXED COPPERS:

Much work has been done with the m~ny copper
compounds developed for use in place of the old standard Bordeaux
mixture, which though hard to excel for effectiveness and persistent
protection, leaves a conspicuous deposit and on many crops may
injure foliage or fruit, increase moisture loss, eccentuate frost damage, delay maturity and lessen yields or fruit size. The need for a
copper fungicide without the objections of Bordeaux mixture and
the desire of growers for a material which could be applied as a
dust has resulted in the development of the fixed or insoluble copper
fungicides.
These are the so-called fixed coppers, also known as neutral coppers
and insoluble coppers. The fixed, neutral, and insoluble copper compounds include copper oxychlorides, copper oxides, copper hydroxides,
basic copper sulphates, basic copper chlorides, and various other
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preparations. These are generally commercial compounds that are sold
under trade names. They are likely to be somewhat more expensive
than Bordeaux mixture but are more easily p repared. No lime is used,
and they are less likely to cause excessive loss of water from the plant
than is Bordeaux mixture. Fixed copper d usts are composed of insoluble copper compounds plus an inert diluent. Fixed copper dusts
usually contain about 7% copper.
I t t
• BLUESTONE is the common name for copper sulphate 23 D 25%
copper content. Bluestone is one of the major ingredients of Bordeaux
mixture and it availa.ble in crystal form or as a soluble powder. 50
I

I

I

G COPPER - LIME DUST is composed of 20% monohydrated coppersulphate and 80% hydrated lime.
about 7%. 50
t

I

The actual copper content is
•

9 FERRIC DIMETHYL DITHIOCARBAMATES is marketed under
several trade names such as "Fermate", "Niagara Carbamate", ''Karbam Black", etc. May be used in apple schedule for scab, blotch, and
cedar rust. May be substituted for or used with sulfur. May be substituted for Bordeaux mixture or hydrated lime but must not be used
in combination with either. Do not use before or after a Bordeaux
spray - may injure friut and foliage. 168 Ferbam is also said to be
useful on appfoj grape, cherry, raspberry, and strawberry diseases. 179
It is an organic sulfur in the form of a black powder which does not
require copper or mercury to manufacture.
I

I

I

• NABAM: This substance plus zinc-sulphate-lime was tested on pota.toes, tomatoes and some other truck crops. The cited r eport states
that potatoes treated with nabam, and also those treated with ziram,
in the 12 experiments, were high in yield rank in the absence of late
blight, whereas in the presence of late blight the copper containing
sprays ranked high in yield aid in late-blight control. Bordeaux
8-8-100 was the only fungicide that provided adequate control of
the severe late blight which prevailed in three tests, one in N ew York
state and two in Ohio. 201
I

I

t

• ZINEB in 1947 gave excellent control of snapdragon r ust. Potatoes
sprayed with it, or with ziram, ranked high in yield, in the absence
of late blight. 201
t

I

I

• ZIRAM in its effect on yield of carrots, in 1947, was second only
to bordeaux 6-6-100. It performed very well on cantaloupe in all
three locations, as to yield, even though its control of downy mildew
was not as good as that of bordeaux 6-3-100. Cucumbers sprayed
with it had the most vigorous vines. Ziram, together with zineb,
favorably affected the yields of potatoes in the absence of late blight.
On tomatoes, either alone or in combination with tribasic copper
sulphat~, it appeared to be about as efficient as tribasic alone in controlling early blight. 201
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According to the Federal Food and Drug Administration little work
has as yet been done with such fungicides as nabam, zineb and ziram.
Some work has been done with ferbam in the Food and Drug laboratories. Information, however, is inconclusive. It is possible that continuous injection of small amounts may constitute a human health
hazard. Zeram is probably more toxis than ferbam. 250

e THIODOW:

t

I

I

A new liquid organic fungicide, thiodow, has been
added to the Dow agricultural chemical line. This product is a liguid
containing disodium ethylene bisdithiocarbamate. The spray will control many plant diseases on vegetables, particularly early and late
blight on potatoes and tomatoes. Thiodow is compatible · and may be
used wi th such common insecticides as DDT, nicotine sprays, arsenicals,
rotenone, pyrethrum and methoxychlor. The product has shown good
results on certain diseases of celery, cucurbits, peppers, azaleas and
camellias as well as pota,t oes and tomatoes, 223
1
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• PURITIZED on apples, in 1947, was r eported to remove leaves bearing scab leisons and may be found injurious to some varieties, particularly if poor drying conditions prevail at the time the spray is applied.
It delayed maturity of apples as much as two weeks. 201

e "PURITIZED APPLE SPRAY" is an organic mercury which contains
sulfur. ·1t has given excellent control of apple scab and is
said to be more dependable than the "Puratized Agricultural Spray".
"Tag 3 3 1" is another formulation of the same chemical. It also has
prov en to be excellent scab fungicide. These formulations contain
mercury, so should be used only in the early sprays. Do not use with
hydrated lime, sulfur, or oil sprays. Both formulations cause serious
damage t o peaches. Spray operators should avoid contact with the
concentrat ed material. 681 Puratized is compatable with lead arsenate, lime rotenone, nicotine, calcium arsenate, and DDT.
t t I
e PHYGON: According to the United States Department of Agriculture, t ests in 1947 phygon (2,3-dichloro-l, 4-napht_lwluinone) was
found to be comparatively ineffective against apple blotch, Brooks
fruit spot and black rot. It was somewhat injurious to fruit and
foliage and often toxic to operators. In its 1947 form it was not
recommended. 201

no

e SULFUR is an element of great importance in industry. About 1 ½
million tons of it are consumed each year in the United States alone.
A considerable portion of this veritable mountain of sulfur goes into
the manufacture of sulfuric acid, a chemical which plays a prominent part in the preparation of a host of other materials. Sulfur dioxide,
anclther important compound of sulfur, is used for disinfecting, bleaching, and refrigeration. In addition, sulfur is employed in the process
of vulcanizing .rubber, and as an ingredient of chemical sprays for
trees and shrubs. It is also used for making carbon disulfide, matches,
dyes, fireworks and explosives. 74
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Sulfur is used in four agricultural forms: ( 1) as a dust, (2) as a
suspension, (3) as a solution of lime-sulfur or ammonium polysulfide,
and ( 4) as dry lime-sulfur. The dust and the suspension have comparatively little value against most insects but are of great value
against fungi and against mites. 60 Sulfur can be bought as liquid
or dry lime sulfur, 70-per .c ent sulfur pastes, microfine wettable sulfurs, ground wettable sulfur, and fused and ground sulfur and
bentonite.
Dry lime sulfur is more expensive than liquid but more convenient. Both forms are very efficient but more likely to cause injury than
other sulfur fungicides. Next to lime sulfur, sulfur pastes are the
most effident sulfur fngicides. Have particle size of 1/25000 to 1/2 500 inch. Not convenient to handle but their mildness and efficiency
off-set their bulkiness. Microfine wettable sulfurs are highly effi'cient.
Have average particle size of 1/2500 inch. (Microfine commonly
means dry sulfurs that have been especially treated to break them
into small particles and make them wettable in water.) Select brands
with care - fineness of particle is very important. 168
Lime-sulfur solution is a reactive solution containing several compounds of lime and sulfur. Those of chief insecticidal value are the
polysulfides, which consist of one atom of calcium combined with
three to five atoms of sulfur. Such compounds readily take up oxygen,
decompose, and deposit extremely finely divided sulfur. Lime-sulfur
solution is alkaline and decidedly caustic to most foliage. Its principal
use is as a dormant spray for the control of certain fungus diseases,
scale insects, red spider, and a variety of other resistant pests of
deciduous trees.
Commercial lime-sulfur solution is usually 3 2 ° or 3 3 ° Baume. The
Baume scale is a method of expressing the density of liquids. It is
being replaced by the use of specific gravity. A 33 ° Baume preparation has a specific gravity of 1.295, which means that 1 cubic centimeter weighs 1.295 grams, or 1 gallon weighs 10.8 pounds. Such
material needs only to be diluted for use.
Commercial lime-sulfur solution has the important advantage that
it is standardized at 29 to 3 0 per cent by weight of calcium polysulfide, which i.s the valuable ingredient. Hence it can be diluted with
assurance. Homemade preparations are nearly always weaker than
the commercial product; and while their value is indicated by the
specific gravity, the polysulfide content should be determined by chemical analysis . if the finished spray must have a precise concentration of
active ingredients.
Dusting sulfur is mostly produced either by precipitation by cooling sulfur vapor, or by grinding. Precipitated sulfur usually has less
tendency to cake. Caking can be prevented with any type of sulfur
IO I
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by adding a small percentage of dehydrated lime, kaolin, or other
inert powder. The essential feature of any good dusting sulfer is
extreme finess. Recognition of this by the manufacturers has led to
the use of the names "superfine" ,"cloud", "microscopic", "smoke",
"colloidal", "fog", and similar terms. Practically all brands are now
fine enough so that only a very small percentage fails to pass through
a 300-mesh screen. Such materials usually adhere well and find extensive use against red spiders and mites. Combination treatments
including sulfur for control of mildew are also widely used. 60
Sulfur paste or wettable sulfur form suspensions of finely divided
sulfur in water. Either precipitated or ground sulfur will serve.
An emulsifying agent is needed to make the suspension stable enough
for use. Soap, calcium, caseinate, glue, flour, or any of a wide variety
of commercial preparations may be used. If the emulsifying agent is
intimately mixed with the sulfur, the resulting powder is readily
wet by w _ater, from which fact the term "wettable sulfur" was
derived. When a small percentage only of water is added, . a thick
paste is produced, which may be diluted further as needed. Home
made wettable sulfur may be prepared by the following formula :

Home-made Wettable Sulfur
Calcium caseinate.

. ½ pound

Water .

. ½ gallon

Sulfur ( dusting grade) . .
Water to make.

. 5 pounds
. 100 gallons

Make a smooth paste of the calcium caseinate and ½ gallon
of water. Mix with the sulfur and add enough water to make
100 gallons. The same formula may be used with ¼ ounce of
glue dissolved in 1 ~~ gallans of hot water instead of the
calcium caseinate paste. 60

e LIME-SULFUR

is a contact insecticide. The prepared mixture is
a brownish syrup liquid in concentrated form. It is used mostly for
killing over wintering stages of various insects on trees and shrubbery.
Lime sulfur is also an excellent fungicide. The concentration of limesulfur is expressed in degrees Baume, commercial material usuolly being of from 32 ° to 34° Baume. However, even commercial lime-sulfur
often varies considerably in concentration; and home-made material
is always very variable. Hence, each lot of lime-sulfur should be
tested with a Baume hydrometer, an instrument in appearance resembling the floating thermometer. With the hydrometer · floating in the
lime-sulfur, the reading is readily obtained. For convenience, limesulfur is poured in a glass cylinder and then tested with the hydro102
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meter. In the following table are given the relative amounts of limesulfur to use to obtain the concentrations required by different formlas.

Dilution Table for Lime-Sulfur
Quantity needed for 50 gallons of spray in
the following dilutions:
·

Hydrometer
reading
Degrees
Baume

1-40

1-50

Gallons

Gallons

Gallons

6

34
33
32

6¾
6½
6¾

31
30
29
28
27
26
25
24
23
22
21
20

Fig. 12. -

1-7

7

7¼
7½

8
8½
8¾

9¼
9¾
10¼

11
11½

1¼
1¼
1¼
1¼
1¼
1½
1½
1½
1½
1~
134
2
2
2

2¼

1
1
1
1
1

1¼
1¾
1~
114

1¾

1½

ly:z

1½

1¾
1¾

Courtesy Tennessee Agricultural Experiment Station.

Fig. 13.

e WETTABLE

SULFUR: Whenever the sulfur is used for spraying,
a wetting agent must be added to it, so that it can be mixed with
water. For home-made wettable sulfur as a wetting agent, calcium
caseinate or lingnin pitch (of various trade names - "Goulac", "Bindex", and others) is recommended, at the rate of 1 pound to each 16
pounds of sulfur. The sulfur and wetting agent first are thoroughly
mixed, then with a little water a paste is made, placed on strainer,
and washed through with the remaining water required by the formula. To avoid the necessity for adding a wetting agent to each batch
of sulfur, the desired lot of wettable sulfur may be prepared at one
time for the entire season. For this purpose, use a 325-mesh sulfur
powder, add to it dry lingnin pitch, or any other good wetting agent,
at the rate of 3 pounds to 50 pounds of sulfur, thoroughly mix the
materials, and keep dry until needed Wettable sulfur differs from
dry-mix sulfur-lime only in that it contains no lime.
There are on the market several commercial brands of wettable
fulfur, such as Flotation, Micronized, Mike, Sulfrox, Microsulfur,
Microspray, Mist, Colloidal Sulfur, and Grasselli Wettable. Essenti103
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ally each is a fine sulfur powder 325-mesh or finer with a
wetting agent added. Some of the sulfurs contain certain impurities,
making them wettable, as in the case of Flotation sulfur. The paste
form of this material is finer than the 325-mesh sulfur flour, and
hence, less of it is needed to give the same fungicidal effi,ciency. 201
•
I
•
• DRY LIME-SULFUR: By evaporation of lime-sulfur concentrate,
usually under a vacuum or in presence of an inert gas, a dry powder
is obtained. This product is not identical chemically with lime-sulfur
in solution, and the addition of water does not exactly reproduce the
original material. If the powder soaks for several hours, or better,
at an elevated temperature, the resulting liquid more nearly resembles
liquid lime-sulfur. Increased efficiency is secured by removing the
insoluble residue. On accout of this complicated be havior, dry limesulfur is seldom used, liquid lime-sulfur or oil being preferred. 60
I

I

I

• DRY-MIX SULFUR-LIME is a mechanical mixture of sulfur,. lime,
and a wetting agent. It is radically differ ent from lime-sulfur, in
which the two substances are chemically combined. Lime-sulfur and
sulfur-lime, differ greatly in their effects on diseases and on plants.
As a rule neither should be used in place of the other. The usual
formula for dry-mix is 8-4-½-I00; that is, 8 pounds of sulfur, 4
pounds of lime, ½ pound of a wetting agent, to 100 gallons of water.
The sulfur, lime, and wetting agent should be thoroughly mixed. A
rotating barrel with a crank should be used for this mixing if a considerable _quantity is to be prepared. A few small stones placed in the
barrel will help in the mixing. 201
I

I

e LIQUID

LIME SULFUR: This is the most effective sulfur fungicide.
It is very caustic, however, and is injurious to some plants, especially
peach and g r ape foliage, even in dilutions of 1 to 50 parts of water;
to young fruit of some varieties of apples, notably Golden Delicious;
and to all apple varieties in hot weather. Its use in strong concentration ~ 1 to 10 - is limited entirely to dormant and delayed-dormant spraying of all varieties; and in low concentrations - 1 to 40 or
50 - for early foliage sprays on most varieties of apples.
Lime-sulfur in concentrated form - 1 part to 10 parts of water for dormant spray of trees has been the commonly recommended scalecide and fungicide. However, oil emulsion used for dormant spray
has been found more effective and more convenient to use as a scalecide, and now completely replaces lime-sulfur for control of scale.
When a fungicide is needed in this spray, as for control of peach leaf
curl, Bordeaux mixture is used, together with oil emulsion.
At present commercially ma.nufactured lime-sulfur is used almost
to the exclusion of home-made material. If the product.is not available,
or is inconvenient to obtain, it can be prepared at home without too
much trouble. For home-made lime sulfur, use rock lime, 50 pounds;
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sulfur flour, 100 ponds; and water, 50 gallons. At first the lime is
slaked with only a little water, and when it becomes boiling hot the
sulfur is added and mixed with the lime. To the paste thus obtained
the rest of the 50 gallons of water is gradually added, and the whole
is boiled for 1 hour in a loosely covered vat. Use of Jive steam, if
available, is a very convenient method of cooking the mixture, which
should be kept agitated all the while during the boiling. 201
I

I
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e COMPLETE

DUSTS: A number of commercial materials are advertised as complete dusts. These are mixtures of stomach and contact
poisons, together with fungicides for plant diseases. They are available on the market under various trade names such as "three-in-one",
"all-in-one", etc. Complete dusts are quite convenient for use by
the home gardener. They are less significant to the commercial grower.
Care must be taken, however, to note on the labels whether one or
more ingredients may constitute a poisonous residue hazard if the
dust is applied to leafy vegetables soon to be eaten. 167
I
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e S.

R . 406 is a new synthetic organic fungicide which has been produced by the Standard Oil Development Company. This fungicide is
now manufactured and distributed by the California Spray Chemical
Corporation, Richmond, California and Elizabeth, New Jersey. The
active ingredient of SR 406 is N-trichloromethylthio-tetrahydrophthalimide. The material has undergone extensive field tests and is said
to be effective against many plant diseases including apple scab, tomato and potato blights. It is also effective against bananna a nd coffee
diseases in Central America. Preliminary tests indicate that SR 406
appears not to be toxic to warm blooded animals. 250
I

I
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• CRAG 341 B & C: Crag 341 C and Cherry Fungicide 341 B are
trade names for certain glyoxalidine derivatives which have been
undergoing extensive field tests since 1946 in various countries , Glyoxalidine derivatives were first introduced to the public by Wellman
McCallan and Thurston in 1946. Field tests began in 1942 and indicated that glyoxalidine would control scab as well or better than
currently used fungicides and that it was the best material for the
control of leaf spot defoliation.
According to Hilborn and Lathrop 250 Crag 341 C in addition to
controlling scab on apples, prevented a serious build up of European
red mite. Glyoxalidine contains neither sulfur nor metal, thus it can
be used successfully with many insecticides and other fungicides.
Crag 341 C is a solution of glyoxalidine acetates in isoproponol. To
each 100 gallons of water is added 1 quart of the isopropanol solution.
The glyoxalidine is precipitated by the addition of ½- pound of spray
grade hydrated lime. Foliage injury occurred during tests when spraying was done under relatively high humidity and temperatures of
over 90 degrees. It should be recommended that glyoxalidine is a
preventative or protective fungicide rather than an eradicant.
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The major problem in air application is that of getting to the under
side of the plant foliage. For example: Control of leaf blights cannot
be expected unless both surfaces of the leaves are covered, as a fungus
may enter the leaf on either side. A poison placed on the upper surfaces of bean leaves is wasted, as the insect feeds on the lower surfaces
and only material placed there will be eaten by the beetle. larvae.
The dust should form an even protective film on the under surfaces
as well as on the top surfaces of the leaf. But whether spraying or
dusting, the fungicides or insecticides should be applied to healthy
plants to keep them healthy. Fungicides should be applied before the
attacking organisms are expected to make their appearance and before rains. Most diseases start when the plants are wet, so spraying
after a rain may be too late. (Keep in mind that you are protecting
the plants from invasion.) It is extremely difficult and almost impossible to "burn out" or eradicate the casual organisms once they
have become established within the fruit or leaf tissues. 187

VERIFY ALL DOSAGE RECOMMENDATIONS WITH
LOCAL AUTHORITIES BEFORE USING
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SOIL STERILANTS

Sterilants and fumigants are those chemicals that form gases that
kill insects, larva, pupa, on vegetable growth. Usually it is necessary
to confine the g~ses to enclosures such as green-houses and grain storage houses. Fumigants may also be used effectively in the soil by
depositing the chemical in liquid or solid form beneath the earth
surface. Brief descriptions of the most common fumigants, although
obviously not applicable by airplane, are included in this book to
round out the Air-Applicator's general information on agricultural
chemicals.
Carbon disulfide, chloropicrin, DD, ethylene dibromide, formaldehyde or methyl bromide are some of the common chemicals used to
destroy disease causing organisms and insects in the soil. 179
I

I

I

• BORON: Compounds containing Boron have been used for a long
time to sterilize the soil and thus prevent weed growth. Application
of 2 0 to 2 5 pounds of borax per square rod has been used satisfactorily as a soil sterilant. Borox is somewhat insoluble in water so some
time must elapse between application and the time it is effective. The
amount of boron applied, kind of material used, kind of soil, species
present and amount of rain-fall will determine the length of time the
area will be sterilized. Boron is less toxic to grasses than to other
species of plants. This property makes it a good chemical to use on
Klamath Weed (also known. as goat weed), a serious weed in some of
our range areas. From four to eight pounds of boron per square rod
has given good control of Klamath weed and has in no way injured
the grass in fact the grass appeared to be somewhat stimulated.
Mixing a small amount of sodium chlorate with the boron will hasten
the "knockdown" of Klamath weed. About ½ pound of sodium chlorate in four pounds of boron is a good mixture. There is not much fire
hazard in using this mixture. Commercial products are on the market
having two chemicals boron and sodium chlorate mixed together
and ground the same size. The latter 1s important in securing a uniform mix of the two chemicals. 1 79
I
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e CARBON

DISULFIDE is a liquid which evaporates quickly when
exposed to the air, forming a heavy and inflammable vapor of great
penetrating power. In using the material for the control of insects
infesting stored products - for example, granary weevils - it must
be placed near the .top of the chamber in a shallow container in order
that the heavy vapors as they are given off may thoroughly diffuse
through the air contained in the space to be fumigated. The proper
amount to use depends upon the type of room being fumigated and
ranges from 10 pounds to about 3 0 pounds per 1,000 cubic feet in
107

ordinary rooms where the walls and floor have not been made especially tight. The best results are obtained by doing this work when
the temperature is above 70 ° F. Since the vapors of carbon disulfide
are very inflammable, precaution must be taken to keep all fiames
and sparks away.

e CARBON

I

I
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DISULFIDE EMULSION: This is a rather unstable emulsion which is a valuable soil fumigant for the control of certain pests.
In the San Francisco Bay region, it has proved effective in killing
the garden centipede in the soil. "Good results have been obtained by
diluting the emulsion 1 part to 3 00 parts of water and applying it to
the surface of the soil at the rate of 5 gallons per square ya,r d". 60

e FORMALDEHYDE:

I

I

I

A 37 % solution of formaldehyde is used to
disenfect seed beds, flats and greenhouse soils. The soil may be planted
as soon as the formaldehyde odor has left. Soil treatment may be made
at the rate of 2 ½ tablespoonfulls per bushel of soil.

e ETHYLENE
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DIBROMIDE in 5% strength is a liquid fumigant
used for the control of stored grain insects. For fumigation in mills ,
a formulation containing 15 per cent ethylene dibromide is also available. Ethylene dibromide is toxic to man even in dilute form, and
should be handled accordingly. While there may be little danger outof-doors, care should be taken not to breathe the vapor. For use as
a soil fumigant, ethylene dibromide is available in solution in a light
petroleum oil. The commercial product contains either 20 per cent or
40 per cent ethylene dibromide by weight. Ethylene dibromide is the
best immediate liquid fumigant for the control of wireworms in the
irrigated regions of .W est coast states known at the present time,
according to the Federal Bureau of Entomology and Plant Quarantine.
This is used at the rate of 10 gallons of a 40 per cent solution per acre.
According to Lane, 1 ethylene dibromide is the best liquid fumigant
known for the control of wire worms at the present time. It is applied
at the rate of 10 gallons of 40 % solution per acre. Practically all of
the wire worms in the soil are killed at the time of application.
Ethylene dibromide, at the rate of 2 gallons actual material per
acre, is effective for wire worm control. The material is available in
IO, 20, and 85 per cent concentrations. It is necessary to dilute high
concentrations for effective distribution in the soil. It may be applied
with a power soil applicator or a plow-sole injector to a depth of 8
or more inches. Good soil moisture and tilth are pre-requisites for satisfactory control. The material is hazardous to pla nts and animals, and
directions on the label should be closely followed. 167
Most wire worms live from 3 to 15 inches below the surface.
Consequently, the ethylene dibromide should be placed ;:it least 8 inches
in the soil. Applied from a tank attached to a plow or tractor, the
liquid flows by gravity directly to the bottom of the furrow. Practic108

PART

V

ally all the wire worms in the soil are killed at the time of application.
Two weeks should elapse before planting in fall and spring, following
soil applications of ethylene dibromide. In summer, the time can b.!
cut to 7 or 10 days.

e ETHYLENE
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DIC.tUORIDE: This is a colorless liquid with an odor
similar to that of chloroform. Mixed with carbon tetrachloride in the
proportion of three to one, this chemical has some advantages as a
fumigant, especially because of its freedom from fire hazard and relatively low toxicity to human beings. Boiling points of the two substances are about the same, and consequently they volatize at nearly
equal rates. Under the name of Dowfume 75, Dow Chemical Company
formulates a product described as "an all-purpose grain and spot
fumigant mixture" composed of ethylene dichloride 75 per cent carbon
tetrachloride, 2 5 per cent.
Ethylene dichloride has proven useful in killing peach tree borers.
This method of control was developed in Georgia by Oliver I. Snapp,
Bureau of Entomology and Plant Quarantine and further investigated
in the Pacific Northwest by A. W. Anthon. Potash fish-oil soap was
first used as an emulsifier, but monothanolamine and triethanolamine
have proven more satisfactory. 105

e PROPYLENE

I

I

DICHLORIDE: This is a clear, colorless liquid, with
an odor similar to that of ethylene dichloride. Most satisfactory for
peach tree borer control because of greater penetration, propylene
dichloride appears to be quite as efficient even at concentrations from
one-fourth to one-third lower than that required for ethylene dichloride emulsions.
A mixture of propylene dichloride ( 1-2 dichloropropane) and I -3
dichloropropene, most commonly known under the trade name of DD,
is used extensively for the control of nematodes. DD is the name used
by the Shell Company to designate their product. Eston Chemicals
utilize the trade name Nemafume, while the Dow Chemical Company
uses the name Dowfume N for a similar product.
This fumigant is corrosive and inflammable. Equipment used for
its application should be made of corrosion-resistant metals. Such
equipment should be thoroughly cleaned and flushed with kerosene
after use. The fumigant itself should be kept away from open flames.
Because of its toxicity to human beings, workers should not breathe
heavy concentrations of the vapor. In contact with the skin, the liquid
may cause serious inflammations. If any of the fumigant is spilled on
clothing or skin, the clothing should be removed and the body thoroughly washed with soap and water wherever contacted by the liquid.
Whenever spilled on or into shoes, these should be removed and not
used again until the odor of the fumigant is all gone.
From 200 to 300 pounds per acre are recommended for nematodeinfested soil. The fumigant is injected into the soil in rows 12 inches
109
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apart and at a depth of at least 8 inches. Several weeks should elapse
before planting. Where 200 pounds per acre have been applied and
the soil temperature is above 60° F., there should be a 2 week interval
between treatment and any seeding, and 3 weeks in case of transplants. For every additional 100 pounds per acre, an additional week
should elapse before planting. 105
I

e P ARADICHLOROBENZENE
downy mildew in tobacco seed
in water but readily soluble in
phide and chloroform. Its most
the peach tree borer. (Ground
I

I

I

is useful as a fumigant to control
beds. It is a white crystal insoluble
alcohol, benzene, ether, carbon disulpopular use in agriculture is against
application.)
I

I

e SOIL

STERILANTS are used for controlling all vegetative growth
on such areas as driveways, fence row'S, roadsides, ditch banks, railroad rights-of-way, and firebreaks. Soil sterilants are classified loosely
as permanent or temporary, depending upon the length of time they
will control vegetative growth. Permanent control seldom extends
beyond the fourth or fifth year, although growth-retarding effets
may be noticable for several years after that time.
Sterilants readily soluble in water, such as ordinary salt (sodium
chloride), sodium chlorate, ammonium sulfamate, and ammonium thiocyanate, as well as some of the relatively soluble arsenicals, are frequently applied as a spray, with standard spraying equipment. Sterilants which are insoluble, or relatively so, such as arsenic trioxide and
borax, are applied dry, either by hand or with a mechanical spreader.
Ordinary fertilizer distributors or lime spreaders are sometimes used.
Frequently, the weed growth is cut off level with the ground and the
sterilant applied to the bare surface, for maximum effectiveness.
In using carbon bisulfide ( or other soil fumigants) prepare the
ground as for a seed bed about June 1 - 10. Mark off rows every 18
inches and apply two ounces of carbon bisulfide in holes every 18
inches. Holes in adjacent rows should be staggered. Seal the hole up
immediately after putting the material in it. After the area has been
completely treated harrow with the harrow laid flat or roll the ground
to prevent the rapid escape of the gas from the soil. Be sure and treat
several feet beyond the margins of the patch. Carbon bisulfide usually
sterilizes the soil for sixty to ninety days. Carbon bisulfide fumes are
very inflammable. Keep all forms of fire away when using carbon
bisulfide.

e PROCHLOR

is a mixture of propanes and propenes. It can be used
under drier conditions than carbon bisulfide and earlier in the spring
and later in the fall. The reason for this is that the material does not
volatilize as rapidly. Best results, however, are obtained in moist soil.
Preparations of the ground is the same as for carbon bisulfide. However,
the rows should be spaced 12 inches instead of 18 inches. Stagger
110

the holes in adjacent rows. Put ¼ to one-half teaspoonful of prochlor
in each and close the hole immediately. Depth of injection of soil fumiga.n ts varies with moisture content of the soil an&. species to be
controlled. In general injections for Canadian thistle-- should be five
inches to seven inches; Bindweed, white top and Russian Knapweed
four inches to six inches; quack grass two to three inches deep. Prochlor also sterilizes the soil for sixty to ninety days on the average.
Prochlor is not inflammable which is a point in its favor but the
fumes are disagreeable.
·

VERIFY ALL DOSAGE RECOMMENDATIONS WITH
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The most interesting "'a.nd important ·use of growth regulators ·'to
fruit •·growei's 'is the: phivention of fruit ' drop. It was ·first' observed
that some -of the hormones retarded the dropping: of lea·ves from woody
cuttings. Stimulated by these observations,' Drs:: F: E. Gardner, P. · C.
Marth, and L. T. Batjer, of the Pre-fruit Exp~tinient'· Shtion, Washington, conducted experiments on the prevention of fruit drop, by
treating the fruit stems with hormones. Results were rather striking
and found almost immediate large-scale application in commercial
orchards.
Dr. Gardner states that naphthalene acetic acid and naphthalene
acetamide are the most successful plant hormones in preventing apple
drop. They are effective when applied in extreme dilutions, at the rate
of only I to 2 level teaspoons of the pure substance to I 00 gallons of
water. At present. the workers recommend that the spray should be
applied only when needed ~ best not until the fruit begins to drop.
The effect lasts from) ,to 2 weeks, so that one application usually is
sufficient. If it is necessary to delay the drop longer, a second spray
may be put on after the effect of the first begins to wear off.
The effect of spraying to control fruit drop is not the same with
all varieties, and perhaps not in all locations. In general, however,
tests in widely separated localities, and on various early and fate
varieties of apples, gave strikingly good results. The spraying has
been used extensively by practical growers, and deserves a fair trial
whenever it would be of advantage to keep the fruit hanging on the
trees either for better development of color or for a more favorable
picking season. The grower should remember, however, that the prevention of fruit drop does not delay maturity of the fruit; hence,
there is danger that sprayed fruit will be left on the trees until it
becomes over ripe.
All of the hormones in concentrated form are potent poisons, and
should be handled with great care. They are used in extremely small
amounts and when pure are hard to dissolve. F_o r convenience and
ease in dissolving and for safe proportioning, the manufacturers put
them up in combination with carriers, under various names, such as
"Parmone" and "Fruittone".
Treatment with the hormones prevents fruit, flower, and leaf drop
apparently by preventing disintegration of the abscission layer, a layer
of plant tissues connecting a stem to the branch on which it is borne.
The disintegration of the abscission layer takes place in n,ature under
the influence not only of the maturity of the fruit, but of cold, disease,
insect injury, sterility, and desiccation.
1 12
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One year's test at Cornell Agricultural Experiment Station with
naphthaleneacetic acid spray used to reduce the pre-harvest drop of
apples indicates that the application of the substance in the form. of
dust controls the pre-harvest drop just as well as in the form of spray.
This is important since dusting requires considerably less time and
labor. 201

e NAPHTHALENE - ACETIC ACID: Some of the cornm.ercial materials, claimed to prom.ote the rooting of plant cuttings .and retard the
forming of the abscission layer of apple sterns are called Stop-Drop,
Parrnone, Apple-set and Fruit-tone. N"aphthalene-acetic acid retards
the formation of the ring of cells at the base of the stern thus delaying
the tim.e at which the apple normally would fall.
The following information is taken from the report of an experiment by L. P. Batjer and A. H. Thompson, Tree Fruit Experiment
Station, Wenatchee, Washington. 186 The data presented, while admittedly limited, seem. to establish clearly the foliage as the chief
means of transporting the spray stimulus responsible for retarding
fruit drop. Under conditions of this experiment, applica,t ions made
solely to fruit sterns and cluster bases had only a slight effect,
although when these tissues in addition to the foliage were treated
the reduction in fruit drop was greater than when the foliage alone
was sprayed.
Regarding the transmission of effect from one fruit to another when
one component of a compound spur was treated, fruit drop from. the
other component seemed to be appreciably reduced though the degree
of reduction was considerably less than on the treated portion. Since
a very minor proportion of the fruit of most apple varieties is borne
on com.pound fruiting spurs, very little practical significance can be
placed on this type of stimulus transmission. 186

Airplan_e application of hormone chemicals to fruits was first tried
in the Pacific Northwest during the season of 1944. In this area in
1945 it is estimated that 15,000 to 20,000 acres of apples and pears
were treated with hormones by this method. A. H. Thompson and
L. P. Batjer, Tree Fruit Experiment Station, Wenatchee, Washington,
made studies during the 1945 season: (a) to compare the efficiency of
the airplane application with that of the conventional application of
naphthalene-acetic acid, (b) to study time of application as a possible
factor in the success of the airplane method, and ( c ). to determine the
relationship of concentration to effectiveness of hormone sprays when
applied by airplane.
In order to determine whether or ·not the concentration of airplane
sprays could be reduced without limiting the effectiveness of the
1 13
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spray, a one-half strength (1200 ppm) airplane spray was compared
with full strength airplane ( 2400 ppm) and conventional ( 10 ppm)
sprays in a block of 20-year-old Delicious apple trees. After 21 days
the drop on all treated trees was significantly lower than that of
the check trees, but no one treatment was clearly better than any
of the other treatments. The one-half strength airplane spray seems to
have given essentially the same control of fruit drop as the other
airplane treatments.
Airplane application of hormone sprays is clearly an advantageous
method from the point of view of orchard management. The large
ac r eage covered during the 1945 season is ample evidence of the
interest in this method of applying hormones. Results of these studies
show clearly that airplane sprays are effective in reducing fruit drop.
I n some of the experiments reported the conventional method seemed
to give significantly greater intensity of effect while in others little
or no difference was obtained. From these data i t is a pparent that the
magnitude of the differences between the t wo methods is not large,
but further testing is necessary in order to establish more definitely
their comparative relationship.
While these data are somewhat limited, they do su~gest that the
spraying of spur leaves alone on a fruiting spur is sffi,c:ient to delay
fruit abscission. This is contrary to the popular conception in which
it is deemed necessary to actually make contact with the stem in order
t o a chieve control of fruit drop with hormone sprays. Thus in airplane
spray ing, while many fruits and stems are missed by the spray, it is
r are tha t at least one of a group of spur leaves is not reached by
severa,I droplets of spray material.

In t he t est described above, a solution of only 10 ppm applied to
leaves only on fruiting spurs was sufficient to control drop. This
would seem to indicate the possibility of drastically reducing the
concent ration of airplane sprays without sacrificing effectiveness. It
has been shown in these experiments that concentrations considerably
lower than 2400 ppm (airplane method) were effective in delaying
fruit drop. However, further work is necessary before the extent to
which concentrations might be reduced can be definitely established. 217

Taken from the report of an experiment by P. C. Marth, L.P. Batjer,
and H. H. Moon, U.S. Department of Agriculture, Beltsville, Maryland.
Much interest has been manifested in the use of dusts
drop control because of the rapidity and uniformity with
cations can be made. Hoffman et al. ( 1) have reported
with dusts on McIntosh apples were generally as good
114
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York state conditions as with liquid sprays. Under conditions prevailing in Massachusetts, Southwick, however, found dusts to be
generally less effective than sprays in controlling apple fruit drop.
The present report contains results comparing the effect of aqueous
sprays containing naphthalene- acetic acid with the effect of naphthalene-acetic acid in different types of dust carriers or in aerosol form,
in controlling the harvest-drop of Stayman Winesap apples.
Under the conditions of these experiments, application of naphthalene-acetic acid in dust form was at least as effective if not more
effective in retarding fruit drop than were liquid sprays. In this
instance, doubling the amount oof naphthalene-acetic acid contained
in the dust slightly increased the effectiveness, but the small added
benefit would not seem to be sufficient to justify the added expense. 113

(Experiment by L. P. Batjer, A. H. Thompson and Fisk Gerhardt,
Tree Fruit Experiment Station, Wenatchee, Washington)
The high degree of effectiveness of 2,4-D acid in preventing fruit
drop of Winesap and Stayman winesap apples has been reported. Likewise attention has been called to the selective nature of this chemical
with its failure to have any appreciable effect in preventing drop on
a number of important commercial apple varieties. The purpose of
this report was to present the results of a, 3-year comparison of 2,4-D
and naphthlene-acetic acid (hereafter written NAA) in retarding the
pre-harvest drop of bartlett pears.
The tenacity with which the fruit was held as a result of the
sprays is further indicated by the greatly reduced amount of fruit
which was knocked off by pickers during routine harvest operations.
No evidence of injury was observed on trees receiving either the 2,4-D
or NAA at 2 ½ ppm. However, at harvest time every tree sprayed
with 10 ppm of NAA exhibited a moderate number of premature
yellow leaves throughout the inner portion of the tree.
In all the three years tested, 2,4-D proved to be as effective as NAA
in reducing the drop of bartlett pears. In the 1945 experiment, injury
which was roughly proportional to the concentration was obtained
with all 2,4-D sprays stronger than 2 ½ ppm. The latter concentration
caused no injury in any of the experiments and its very high degree
of effectiveness would suggest that 2,4-D might be effective on bartletts when used at even a weaker strength. While the present experiments indicate 2,4-D to be promising as a pre-harvest spray for bartlett pears, more extensive work is needed before the use of this chemical on bartletts can be adequately evaluated. 185
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e 2,4-D FOR WINESAP DROP: 2,4-D is effective against fruit drop
in certain varieties of apples according to the 1948 memo released by
Chelan County Extension Service. "During the past four years extensive experiments with 2,4-D have shown this chemical superior to the
standard hormone spray (naphthalene-acetic acid) when used on Winesap and Stayman winesap to prevent dropping. This material is not
effective on other varieties. 2,4-D has advantages over the regular
hormone in being much cheaper, more effective and longer lasting,
and can be applied on Winesaps before Delicious harvest is under way.
In a pplying 2,4-D on Wfoesap, the following schedule must be strictly
observed:
(a) Use only the sodium salt form of 2 ,4-D at a concentration
of 8 ppm ( 4 / 5ths standard strength) .
(b) Apply between September 10 and 2 0, preferably about September 13. Do not apply spr ays earlier than September 10.
If applied later than the 2 0th, f ull effectiveness may not
be obtained.
(c) Do not use oil of any type with 2,4-D sprays, nor any other
material except a non-petroleum wetting agent or spreader
if desired.
(d) Apply 2,4-D sprays only with a standard conventional spray
system.
(e) Do not overspray. Apply about one-half the gallonage generally used with a mite spray. A wetting of the foliage ( with
a mist spray when possible) is sufficient. A void over spraying of the lower weaker limbs.
The use of the sodium salt of 2,4-D on Winesaps is complicated by
the fact that there is no product on the market prepared especially
for convenient use on apples. Many different -forms and concentrations
of 2,4-D are available in both powder and liquid form. All of these
are prepared specifically for use as weed sprays. Send to Tree Fruit
Experiment Station, Wenatchee, Washington for experimental report
on fruit drop.

(Experiment work by W. S. Stewart and E. R. Parker, . Citrus
Experiment Station, Riverdale, California.)
Two field experiments are described in this report in which water
sprays containing 5 to 225 parts per million 2,4-D were applied to
nearly mature grapefruit for control of preharvest fruit drop. Up to
the middle of the normal harvest period fruit drop was reduced 52
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to 73 per cent, the percentage of reduction depending on the concentration of 2,4-D. The reduction in fruit drop persisted after the usual
harvest season.
No undesirable effects on the quality of the juice were noted as
a result of the use of any of the sprays applied on the nearly mature
fruit. Dilute sprays of 2,4-D appeared to have no commercially '6ignificant effects on the quality of the followin~ year's fruit; but sprays
containing 225 par.ts per million 2,4-D caused undesirable growth
modifications in these fruits, as well as a reduction in yield,

BLOSSOM THINNING
Blossom thinning is another use of hormone sprays. Like many other
of the hormone uses blossom thinning is still in its experimental stages.
Indications are favorable and the progress of these experiments should
be followed carefully and studied by the air-applicator.

Hand thinning is one of the most costly operations in growing a
crop of apples. Experiments carried on by Leif Verner, Horticulture,
and D. F. Franklin, Parma Branch Station, during the past five years
have shown that thinning of apple · blossoms by the use of caustic
spray materials is both cheaper and more effective than hand thinning
of the fruit. A chemical sold under the name of "Elgetol 3 O" has been
used in this work.
Best result·s have been obtained with Rome Beauty and Jonathan.
Delicious has been successfully thinned in some cases and overthinned
in others. A concentration of I ¼ pints per I 00 gallons of spray seems
best for Rome Beauty and Delicious; 2 pints per 100 gallons for
Jonathan. The spray should be applied when the trees reach about
90 per cent full bloom, or not later · than 3 days thereafter. These
sprays thin the crop at about one-tenth the cost of hand thinning.
In addition, they help to break up alternate bearing; that is, the hahit
of producing a heavy crop one year and little or none the next. Over
a two-year period the spray-thinned trees have produced up to 52 %
more apples than hand-thinned trees.
Blossom thinning sprays must be used with caution, Verner and
Franklin advise. They should not be used when trees have a light
bloom, if there has been much frost damage to blossoms, or if condititons are not fav01;able fo,: good pollination. Trees having much
apple mildew should not be sprayed for blossom thinning. 129
.

.

-
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Some varieties of apples set more fruit than -t he trees can develop
to desirable size every year, and unless artificial thinning is done,
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early in the season, the trees become biennial bearers. Most varieties,
in fact, frequently bear too heavily, so that in spite of the expense,
the practice of thinning by hand is followed by many of the _best
growers.
Recent tests by Cornell Agricultural Experiment Station, with sodium salt of dinitrol-cresol, showed, however, that a spray with 0.2
per cent of the substance kills open apple blossoms if applied before
pollination and fertilization: "But spraying with this material after
the first flowers have been exposed to good pollination for one day to
insure a commercial set, the remaining flowers can be eliminated and
thus reduce the cost of thi11;~ing. Wealthy apple trees treated in this
way in the spring of 1941 ' hid ,a n excellent crop of large fruits and
required very little hand-thinning. Check trees set so heavily that the
fruits were , practically worthless. In 1942 the treated trees have
enough bloom for a set, an unusual occurrence for such a biennial. bearing variety as the ,Wealthy. The check trees, have no bloom."
"This new method promises to greatly reduce the cost of thinning fruits by hand to insure development of satisfactory size. This
is the first practical means of inducing annual bearing in varieties
usually biennial in their fruiting habit." 201

(Taken from the Report of experimental work of L. P. Batjer and
A. H. Thompson, Tree Fruit Experiment Station, Wenatchee, Wash.)
This past season marks the . fourth of extensive experiments with
chemical thinning of apples under conditions prevailing in the Northwest. These thinning sprays at the present time are in general commercial use on Golden Delicious and Yellow Newton, and, in Idaho
on Rome Beauty'. Also many' growers, particularly in the Wenatchee
area, are successfully using the sprays · oit Jonathan, Winesap and
Delicious. In 1948 it has been estimated that approximately 3,000
acres were chemically thinned in north central Washington alone.
Some growers using thinning sprays for the first time sprayed only
small experimental blocks, while others sprayed all or a substantial
portion of their acreage. One organization alone chemically thinned
approximately 3 00 acres of Winesap, Golden ' delicious, Jonathan· 'and
Delicious.
While t,he concentrati<?n of t;he active ingr~dient used for chemical
thinning .µiay vary depending upon v-arieties and conditions, the amount generally used i~ -about one and on~-third pints of Elgetol 20 or
its equivalent pe'r 100 gallons of wat~r. Time of application of these
sprays ranges from the full bloom ~tage to 1 to 3 days past the
full bloom stage. Even though a heavy set occurs during · a cool,
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humid bloom period, thinning sprays are more likely to thin heavily
than in seasons when generally warm, dry conditions prevail.
Experience has shown that chemical thinning sprays are usually
more effective in reducing fruit set on young trees. Also trees under
10 or 12 years of age are likely to be more vigorous and frequently
fail to set fruit in proportion to the amount of bloom they produce.
Only by trial under one's own condition can it be determined whether
these spays can be used safely on such trees. There seems to be less
risk involved on young trees in the case of Golden Delicious and
Yellow Newton than with Delicious and Winesaps of comparable age.
Thinning sprays are not fool proof and for this reason can never
be universally recommended. Because of one reason or another, as has
been outlined above, some orchards are not adaptable to the use of
thinning sprays. But a good many are adapted and it remains for each
grower to appraise his own situation and determine to what extent
chemical sprays might possibly be used. It is suggested that the grower
without previous experience proceed on a trial ba,sis until he learns
how his trees respond. Within the same orchard response may vary
from year to year depending upon weather conditions prevailing
during the bloom season.
We regret that it is not possible to recommend chemical thinning
unconditionally. However, if the orchardist can employ this method
successfully, it is possible to realize as much as $150 to $200 per acre
increase in revenue (present day cost and prices) through savings
in hand thinning and from increased yields. This should go a long
way toward fulfilling the goal of most growers to grow more
and better apples cheaper. 216

e SPRAYS

APPLICABLE TO CERTAIN VARIETIES: (Taken from
the report of experimental work of L. P. Batjer and A. H. Thompson,
Tree Fruit Experiment Station, Wenatchee, Washington). Hand thinning of apples represents a major item in cost of production. Among
other disadvantages hand thinning cannot generally be accomplished
early enough and heavy enough to accomplish one of its chief purposes;
that is, to avoid the tendency of the tree to more or less alternate
in its fruiting habit. Also, ultimate fruit size is directly related to the
time and thoroughness of this operation. It is, therefore, obvious that
any substitute which could effectively overcome some of these drawbacks would be highly desirable.
For best results generally sprays should be applied as near ·the full
bloom stage as possible. By full bloom is meant that stage at which an

will

occasional petal
fall from the earlier opening blossoms when a
small branch is gently shaken. At this stage most of the center of
"king" blossoms have been open for 12 to 36 hours, and under favorable pollinating conditions have been ·pollinated and fertilized. When
the king blossom has reached this stage it has a greater tendency to
11 S
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survive spray treatment than the freshly opened or side blossoms,
many of which are killed by the spray. If the spray is applied after
the freshly open blossoms have become pollinated and fertilized, less
thinning may result. Considerable thin!}ing seems to result from
"spray shock", however, and many side blossoms, even though fertilized, will fail to stick.
King blossoms resist this shock to a far greater degree. Actually
treatment as late as one to three days (of normal weather) following
full bloom have been only slightly less effective than the full bloom
stage. Timing, therefore, is not too critical and allows from 1 to 3
days in which to make applications. This is a sufficient period for
most growers to cover a sizable block of a given variety.
On a number of materials tested for the past several years, the
sodium. salt of dinitro-cresol (Elgetol) has proven generally the most
effective. Other DN chemicals in powder form have proven 11bout as
toxicant. An interesting feature of blossom thinning spray is ,the very
noticable increase in fruit size resulting from these sprays. This difference becomes readily apparent within a few weeks after blossoming.
In one Golden Delicious orchard the fruit from sprayed trees on
June 15 (at the close of the June drop period) was 37 per cent larger
than fruit from unsprayed trees. The ultimate fruit size in five different Golden Delicious blocks averaged 61 fruits per loose box for the
blossom thinned trees. In six Winesap and Delicious blocks the sprayed
trees averaged 13 fruits less per box than the unsprayed trees.
It is easy for anyone who has worked with blosson thinning sprays
to become enthusiastic over their possibilities. However, from the foregoing discussion it seems obvious that no specific or general recommendation can be made regarding their use. As pointed out above,
success with these sprays is based upon the assumption that fruit set
will be heavy.
With such varieties as Delicious and Winesap it, therefore, becomes
necessary for the fruit grower to decide whether under his conditions
the use of these sprays is justified. With Golden Delicious, particularly,
there would seem to be little or no risk involved on normal vigorous
trees. In many orchards of this variety it would probably require
two sprays rather than one to approach the desired amount of thinning.
While our work has not included Yellow Newton it probably falls in
the same class as Golden Delicious. Vigorous Jonathan and Rome
Beauty trees under many conditions respond favorably to blossom
thinning sprays.
Without question blossom thinning sprays on some varieties and
under some conditions are worthy of serious consideration. Much of
the basic work has been accomplished. If this section is to take full
120
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advantage of this practice and the opportunity it affords in cutting
the cost of production, it remains for the individual grower to test
the feasibility of these sprays under his own particular conditions. 112

e COMPARISON

OF MATERIALS IN THINNING: During the past
IO years the use of various types of chemical sprays applied during
the bloom period for the purpose of reducing fruit set of apples have
been reported by many investigators. In general, results obtained
have varied so widely as to preclude the possibility of applying the
methods and techniques developed in one area to that of another.
The experiments herein reported were particularly designed to evaluate the commercial feasibility of chemical sprays for apple thinning
under conditions prevailing in the Wenatchee district of the Northwest.
According to the reports of the Wenatchee Tree Fruit Experiment
Station most of the treatments applied in the three years of experimental work in apple blossom thinning resulted in an appreciable
reduction in fruit set.

'
All factors considered, Elgetol seemed to be the most consistent and
effective. Used at equivalent toxicant concentration, DN No. 2 resulted in a slightl~• greater reduction in fruit set than Elgetol, though it
generally pn .•ced somewhat more injury to foliage. However, injury
from any of the treatments was not regarded as commercially important.
Results with naphthalene-acetic acid were more erratic than with
Elgetol, and in several instances fruit size was less than might be
expected on the basis of the amount of thinning accomplished. This
probably v.·as because the fruit attained considerable size (as was
pointed out) before dropping. Nevertheless, results in the present
experiments as well as those reported by Hoffman et al would indictae promisf> for this material for thinning apples during the
bloom perioc~ as well as two or three weeks later. In several tests on
Winesap morphaline thiuram disulfide (MTD), an organic fungicide,
proved about as effective as Elgetol in reducing fruit set. 218

PRE HARVEST SPRAYING
The purpose of spraying a seed crop such as Ladino clover and
alfalfa a few days prior to harvest is to aid the drying up and maturing
of the crop prior to fall rains. This method permits the crop not only
to be harvested ahead of possible early rains but eliminates the wind
rowing, allowing direct combining. It also eliminates · green weeds in
the harvesting and makes for a cleaner seed. "Dow General" manufactured by the Dow Chemical Company, is said to be very useful
in pre-harvest spraying. The spray is · usually applied 2 to 5 days
prior to harvest depending upon· the temperature and humidity.
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DEFOLIATION
(Following information -

courtest National Cotton Council)

Your attention is directed to the brochure, Fig. 14, published by
the National Cotton Council 261 (See Bibliography, Volume VI).
Write for this 24 page booklet which treats in considerable detail
cotton defoliation. The following paragraphs, are quoted:

The process of defoliation is a very natural one for cotton which
belongs to that group of plants that are inherently deciduous, losing
their leaves by a natural process when they have become mature or
senescent. This state of senescence or old age is not always related to
age in days or months. It is more often a reflection of the conditions
under which the cotton plants have developed. Once having attained
ample structure the leaf can become senescent, and subsequently
shed from the plant, through the influence of a number of natural
causes. Drought, nutrient starvation, insect and fungus attacks, cold
weather and even light frosts may produce a condition of the leaf
that is essentially senescent and thereby contribute to defoliation.
These causes of senescence may all be considered as injuries, or unfavorable alterations of vital plant processes, and the use of chemicals
for the purpose merely involves use of an applied injury that ultimately induces the plant to cut off (abscise) its leaves.
Fig. 14.

Ch emical Defoliation
Of Cotton

Normally the function of cotton
leaves will he interrupted as soon
as there is any evidence of injury
following application of the chemicals. Even before leaves fall there is
a curtailment of manufacture and
transport of leaf reserves to the bolls.
The effect must then be judged in
terms of the time of application rather than time when the plants are entirely defoliated. Consequently, any
bolls found immature at the time of
application may contain immature
seed and fibre at time of harvest.
Bolls that are mature, but unopened
at this time, will open more rapidly.
If the majority of bolls are mature
there will be little loss in quality
of yield.
Usually the cotton fibre attains
its full length within 20 to 21
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days. The boll attains full size a short time later but bibres continue to strength and seed reserves accumulate up to the time the
boll splits and seeds are no longer receiving supplies from the plant.
This background prepares us for what has been ascertained about
early defoliation. 261

Several of the benefits of defoliation have been under-emphasized.
Its effect on insect control has been mentioned often this year and it
is considered of sufficient importance by entomologists to warrant their
making a definite statement in the 1949 Conference Report on Cotton
Insect Research Control, as follows:
"Defoliation of cotton with chemicals has a direct relation to cotton
insect control. Defoliation of the cotton has been found to cause boll
weevils to leave such fields almost immediately. It also reduces the
percentage of locks infested by weevils. Damage to open cotton by
heavy aphid populations and late cotton leafworm infestations has
been prevented by chemical defoliation."
"Proper defoliation checks the growth of the cotton plant and
accelerates opening of the bolls. The crop may thus be harvested
earlier thereby permitting earlier destruction of the stalks. Where
cotton has been defoliated, a much smaller number of weevils were
found the following spring." Reduction of boll rot and prevention of
weathering damage have long been considered major benefits of defoliation, particularly in the Southeast.
Defoliation is often a necessity if machine harvesting is to be utilized.
With both spindle pickers and mechanical strippers, defoliation assists
in at least three valuable functions: (I) removal of the bulk of leaves
that interfere with machine efficiency, ( 2) prevention of green leaf in
the lint, and ( 3) elimination of a source of dry leaf trash which is
difficult to remove at the gin. 261

The condition of the plant and the prevailing weather at time of
application will be the major factors that limit efficiency of the defoliation process regardless of the defoliant used. Present defoliants
have only minor differences relative to the plant condition most conducive to efficient defoliation. They differ markedly, however, as to
what might be called the most ideal weather condition for application.
In general, efficiency seems highest when plants have become vegetatively dormant and reproductively · mature; when the moisture content of leaves is high; and when both temperature and humidity are
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high. In fact, some defoliants are directly dependent upon dew for
most efficient activation. Before abscission can take place, the leaf
must be in a condition of activity that will allow the proper degree
of reaction to the chemical. There also must be sufficient activity to
allow for the biological processes that accompany cell multiplication
and eventual separtion in the abscission region.
Defoliation efficiency has been found directly related to age of
leaves, providing the plants have been in a continuous state of growth
•.1p to the time of application. As fruiting progresses it usually is found
tha t the lower leaves and the leaves subtending the mature bolls are
easy to remove whereas the leaves of the newer growth are removed
with difficulty. Where this continuous growth and fruiting are maintained up to defoliation time, complete defolia tion is difficult especially
since the younger leaves have not develop ed the state of senescence
or old age needed for rapid abscission. 261

(Recommendations of the National Cotton Council)
Wide variations exist relative to needs and specific requirements
for use of the defoliation process, and knowledge of exact local requirements may not be satisfied by this presentation. The conference
g r oup strongly advocates supplementing the general knowledge contained in this report through consultation with local agricultural
authorities - particularly if specific needs do not seem to be answered
by these generalized guides. Defoliants may be applied either as dusts
or sprays. Local condition of humidity, amount of dew present, turgidity of plant, stage senescence, etc., largely determine the particular
defoliant which is best.

' '

e CALCIUM CYANAMIDE (dust) may be used when and where
dews occur. The rate required will depend upon variations in climate
and status of plant growth. Use 20 pounds when plants are mature
and active, when weather is warm,humidity high, and heavy dews
are expected - even when growth is moderately rank. Use 25 to 30
pounds under the above conditions but when growth is very dense
and leaves tend to be toughened. Use 3 5 to 40 pounds when plants are
droughty, leaves tough, humidity low and weather cool particularly when dews are of short duration. Rates in excess of 40 pounds
are not recommended and their use may tend to burn the leaves so
severely that defoliation will be delayed or prevented.
e MONOSODIUM

' ' '

CYANAMIDE (X-10) (dust): This defoliant is not
dependent upon dews. It becomes liquid on the leaf by drawing moisture from the air or the leaf itself. It may not be efficient in drought
stressed cotton or when humidity is low. Use 3 0 to 3 5 pounds per
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acre where plants are active and mature, where foliage is turgid and
not too dense, and when humidities (at least during the night) will
exceed 40 percent . Use 40 to 45 pounds per acre when growth is
rank and foliage is excessively dense or where plants have low activity and when humidities are very low. 261
•

I

I

e SODIUM

MONOCHLOROACETATE: This material may be applid
in the complete absence of dews and at relatively low atmospheric
humidities. It has been under widespread experimentation for only
one season and its strict activity, maturitJ 1 and climatic requirements
are yet to be worked out.
For Use in Airplanes: Dissolve one pound in eash gallon of water.
Apply this solution at 4 to 6 gallons per acre for the plant and
environmental conditions favoring defoliation; 7 to 10 gallons per
acre for very tall, dense, and drought-stressed cotton. For Use in
Ground Machinery: Apply the pounds stipulated below in sufficient
water to wet the foliage. These rates will be: 4 to 6 pounds per acre
where conditions favor defoliation; 7 to 10 pounds per acre where
defoliation is difficult. Rates in excess of 10 pounds per acre will tend
to kill and freeze leaves particularly the less mature leaves.
•
•
I

9MONOSODIUM CYANAMID, (X- 5), E. C. 3504 and sodium thiocyanate are defoliants still in the experimental stage. 261
•

I

I

e SODIUM

CHLORATE - SODIUM PENTABORATE: This defoliant
has been used in a formulation containing 42 percent sodium chlorate
and 58 per cent sodium pentaborate, and all information here pertains
to the use of this specified mixture. The chlorate content may be
considered as an index of active ingredient. The borate is included as
a suppressant of fire hazard. Because of thi.s hazard, sodium chlorate
is not recommended for use as a defoliant without an adequate suppressant.

Sodium chlorate-sodium pentaborate is effective in the complete
absence of dews and at very low humidities, but, like all other defoliants, it works best with high leaf turgor and complete reproductive
maturity. For use. in airplanes dissolve 1 pound in each gallon of
water. Apply this mixture at the rate of 5 gallons per acre, where
foliage is not too dense, activity high, and plants are mature; 7
gallons per acre, where growth has been rank and/ or cotton is very
droughty.
For use in ground machinery apply 6 to 8 pounds per acre dissolved
in 10 to 20 gallons of water or sufficient water to obtain complete
coverage. Use the 6 pound rate for conditions where 5 gallons are
stipulated for airplane use. Use the 8 ·pound rate for the rank growth
and particularly for the water stressed conitions. 261
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POTATO VINE KILLING
(Taken from Paper No.
Cornell University)

226, Department of Vegetable Crops,

Summary: The killing of potato vines has become a desirable or
necessary practice with many growers and the question of when and
how to destroy top growth is a pertinent one. Field experiments were
conducted in 1946 and 1947 in an attempt to gain additional information on this problem. With the procedure followed, Penite 6 plus
ac t ivator resulted in the most efficient kill observed. Dowspray 66
Improved, Penite 6 without activator, Sizz flame, and Sinox General
gave satisfactory kills. Cyanamid X-5 and Xl gave fairly satisfactory
kills, especially of leaves.
Yields were lower in rapidly killed plots th a n in controls or poorly
killed plots. Differences between killing da tes indicate that increase
in tuber size during late stages of matu r ity warrant delaying the
application of vine killers as long as possible unless greater size is
objectionable. Discoloration of the vascular region was decidedly increased by killing injury to top growth. Specific gravity readings
were lower in vine killed plots than in controls with the most rapidly
killed plots giving lowest readings. Sprouting and shrinkage loss other
than sprouting was not significantly affected by killing agents. Early
kill resulted in significantly greater loss than later kill. Neither killing
agents employed nor killing dates appeared to have a significant effect
on the value of tubers as a source of seed.

VERIFY ALL DOSAGE RECOMMENDATIONS WITH
LOCAL AUTHORITIES BEFORE USING
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SEVEN
PLANT FOODS

There are ten or more imporatant plant
gen, potash and calcium are well known
fertilizers. Other plant foods used in much
as essential are carbon, hyrdogen, oxygen,
boron, zinc, silicon and copper.

foods. Phosphorus, nitroas major commercial soil
smaller amounts but just
magnesium, iron, sulfur,

As indicated by the term trace elements, some plant foods are needed in only v e ry small amou nts. Some plants will tolerate a surplus of
t h e trace elem ent s. F or ex ample, alfalfa will tolerate large amounts
of Bor on whereas b eans w ill tolerate only trace amounts. There is
some danger in too much of certain trace elements. For example, certain plants may tolerate excessiv e amounts of moly bde num w hich,
however, may be dangerous as cat tle forage.
MAJOR AND MINOR PLANT FOODS: There are ten plant food
elements required in considerable q u antity for growth: Carbon, calcium, hydrogen, magnesium, oxygen, iron, phosphorus, nitrogen, potassium, and sulfur. Phosphorus, nitrogen and potash are usually added
to the soils in commercial fertilizers. Calcium and magnesium are
usually added in the form of lime or dolomite and sulfur in the form
of sulfate radical in fertilizer salts.
Minor or trace elements are required in smaller amounts. Trace
elements are to plant life what vitamins are to human life. These are:
Manganese, boron, copper, zinc, and cobalt (silicon). The absence of
these elements produces deficiency diseases in plants similar to the
vitamin deficiency diseases in animal and human nutrition. Sulfur in
addition to being a major plant food serves also to act as a carrier
for the other food elements.

• BORON: Heart and dry rot in beets and turnips; cracked stem
in celery; Brown heart of Cauliflower.
• COPPER: Slow or complet e cessation of growth. Plant s are weak
and u nprodu c tive. " Hea t h er moor Disea se" of oat s a n d b a r ley. Disappearance of better grasses on land in sod .
• MANGANESE: Brittle leaves. "Gray speck" of oats; wheat, barley,
potatoes, turnips, kale, beans, peas, flax, clover, spinich, and
many grasses.
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• Zinc: Stunted growth and reduction of buds. "Rosette" in pecans
and apple trees; "mottle-leaf" of citrus; "yellows" of walnuts and "white bud" of corn plants.
• MAGNESIUM: Brittle leaves and discoloration of leaf. Non-uniform produce and delayed maturity in tobacco and most
crops.
• SILICON: Concentration of minerals within plant, interfering with
utilization of the nutrients.
SOIL DEPLETION OF MINOR ELEMENT: Intensive farming, heavy
c ropping, high yield varieties, all have contributed to a heavy drain
on the minor element plant foods . Minor elements formerly were
returned to the soils in animal manures.

e CALCIUM CYANAMIDE: Calcium cyanamide has strong weed killing characteristics, ultimately breakin g d own into a nitrogeneous fertilizer. It also can be used as a vine killer.
Since alfalfa has become depleted in many Washington orchards
( principa lly bec ause of arsenic toxicity) zinc deficiency has become
widespread in many fruit areas. The best known method of correcting
zinc defic iency is by means of dormant sprays at the rate of 2 5 to 40
pounds of zinc sulfate pe r 100 gallons .
During the past y ear a considerable amount of acreage received
zinc sulfate spray applied with the airplane during the dormant period
in a concentrated soultion at the rate of 40 to 100 pounds of zinc
sulfate pe r a cre. In an experimental block of Bartlett pears the airplane ( 4 0 p ounds per acre) was highly effective in correcting acute
zinc deficiency.
Zinc deficiency on pears is generally easier to correct than on apples;
on sweet c herries it is particularly difficult. On the latter fruits it is
not d efinitely known whether an acute condition can be corrected with
the airplane method. It seems likely, however, that this method will
prove effective in maintaining the zinc requirements and correcting
a sub-acute deficiency on both apples and cherries.
A relatively weak zinc sulfate spray on apples and pears applied as
soon as possible after harvest in the fall offers considerable promise
of correcting a mild zinc deficiency and maintaining the zinc requirements. The Washington Tree Fruit Branch Station reports good results
with no injury when not over four pounds per 100 gallons is used.
For best results with the least chance of injury, zinc sprays during the
dormant period ( whether applied with the airplane or conventional
method) should be applied within a few weeks prior to growth
initiation in e::: rly spring.
1 28

PLANT FOODS
It is difficult, if not impossible, to correct a zinc deficiency if it
exists in combination with chlorosis or iron deficiency. These two
deficiencies frequently occur in combination since the same soil condition is essentially responsible for each. In such cases it is suggested
that iron citrate injections precede by one year a zinc spray application. 73

e BORON DEFICIENCIES IN APRICOTS: Boron deficiencies have
become a,pparent in many areas. According to the published reports
of R. M. Bullock and N. R. Benson of the Tree Fruit Experiment
Station of Wenatchee, Washington: Apricots, produced in certain orchards in the Wenatchee Valley of Washington during recent years,
have shown fruit malformations that have made the affected fruit
unmarketable. During the 1946 season, several orchards produced
fruit that was severely cracked . In other orchards, the fruit was
shriveled, cracker, deformed and discolored with internal browning
and corky tissue developing near the stone. These symptoms were
found even mor e widely distributed in the 1947 season. 40
During the season of 1946 when these disorders in apricots were
brought to the attention of these experts soil applications of borax
were made at the rate of ½ pound per tree to four trees in two
different orchards showing the symtoms described abov e . T he fruit
produced on all of the trees treated with borax in 1946 were free
of any of the symtoms in 1947, while the untreated trees again
produced fruit showing all of the symtoms . 40 Plants c an be over
borated. Boron can be tolerated in large amounts by such plants as
alfalfa but only in trace amounts by such plants as beans.

AERIAL FERTILIZATION
Because of the airplanes ability to operate at any time of the year
regardless of surface conditions the distribution of fertilizers by airplane has a big potential. This method of fertilization is growing
rapidly. Distribution of nitrogen fertilizers fro m airplanes has been
practiced extensively on the rice lands of California and Texas. In
Texas, Dr. Fudge estimates that three times as much rice acreage was
fertilized from the airplane in 1949 as was seeded by this method.
Fertilization by aerial methods has also been used extensively in
Indiana, Illinois, Washington and Oregon. Any fertilizer material that
can be drilled could be distributed from an airplane.
One very important item that should be considered is fertilizer
replacement in soil. Over the past 2 5 years much research work
has been done to determine the best method of fertilizer placement.
In general, the placement of phosphatic fertilizers is highly important,
while the placement of nitrogen is relatively unimportant, so long as
103

it does not damage the seed or plants. In fertilizing smdl grains with
phosphorus the best method is to place the fertilizer in the row with
the seed broadcasting the material decreases the efficiency by, about
one-half. Airplane application is a broadcast treatment, thus we should
not expect as good results from airplane placement of phosphorus as
we get from the use of the best ground equipment. With nitrogen, the
placement problem being relatively unimportant, we should expect
about equally good results from airplane application as from application by means of surface equipment, providing the aerial application
results in uniform distribution of the fertilizer. The big question then
1s one of relative economy.
The place where aerial application of fertilizers will have its greatest place is: (a) where the area to be fertilized is extensive, and
( b) where the area is relatively inaccessible to ground equipment.
In Kansas the area having the greatest need for fertilization is in
the eastern part of the state where the fields tend to be small. In the
large fields of central and western Kansas the need for fertilizers is
much less than in the eastern part of the state. 172

The granulation process converts the finely ground chemically processed fertilizer to relatively large spherical particles. The small
powdered particle is left as such would tend to leach rapidly in the
soil solutions. The large granules therefore tend to remain in readily
available form for a longer period of time. In addition to the longer
lasting quality of the superphosphate granules the spherical particles
are non-caking, dustless and non-corrosive to farm machinery. 250
Traditionally we have always thought of phosphate, nitrogen, potash, and calcium as the only soil fertilizers required. Now we know
that a well balanced soil must have other elements in lesser amounts.
These four are the main fertilizing elements but not the only ones.

A~L~
Alfalfa is a heavy consumer of lime, therefore, acid soils require
liberal applications to insure success. Liberal applications of phosphate
and potash are also essential to satisfactory growth if the soil is
deficient in these elements. 141

CONSULT YOUR LOCAL STATE COLLEGE
AGRICULTURAL AUTHORITIES

130

The air-applicator must constantly keep in mind the basic
concepts of chemical crop treatment. He must know that:
(a) Crops stage and mature differently in different
geographical areas.
(b) That various species of the same plant react differently to the same chemical.
( c) That growth conditions materially affect toxicity.
(d) That dry, warm weather tends to toughen plant
foliage.
( e) That the carriers used affect the effectiveness of
the chemicals.
(f) That timing has much to do with results.

(g)

That temperature has much to do with reseuls.

(h) That the potential hazard of drift must always
be kept in mind.

131

NOTE:This is but one of six volumes prepared to aid you in the techniques of air application.

Knowledge obtained from this series of information books is invaluable to every
Air-Applicator. While each volume contains detailed matter pertinent to specific
problems it is strongly advised that the complete set of six volumes be obtained so
that the maximum benefit may be derived from the series.

1. Knowing Agricultural Chemicals
SIX
VOLUMES
TO HELP
YOU

2. U.nd-erstanding Crops and Pests
3. How to Spray and Dust
4. Selecting Efficient Equ ip ment

5. Answers to Legal Questions

6. Directory- Where to find it.
THE AG AVIATION ACADEMY IS ALWAYS READY TO TRY TO ASSIST
YOU IN THE SOLUTION OF YOUR PROBLEMS,

WRITE FOR A FULL LIST OF AVAILABLE PUBLICATIONS AND SERVICES WHICH THE AG AVIATION ACADEMY CAN SUPPLY.
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